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CONCLUSIONS 


1.  Within  the  MX  Missile  System  potential  impact  area  (including  the 
four  aquatic  study  areas)  a  number  of  relict,  endemic,  sensitive,  and 
endangered  organisms  occur. 

2.  Changes  of  flow  regimec  in  aquatic  habitats  occupied  by  native 
species  will  result  in  depletion  or  extinction  of  these  endemic  species. 
This  is  true  regardless  of  the  cause  of  a  change  of  flow  regime,  but  could 
result  from  pumping  of  groundwater  for  either  construction  or  operation  of 
the  MX  Missile  System. 

3.  Construction  activities  must  be  kept  away  from  springs  and  their 
outflows  to  prevent  direct  impacts  such  as  alteration  of  outflow  channels 
or  unintentional  transfer  of  aquatic  organisms. 

4.  The  rate  of  introduction  of  detrimental  exotic  species,  including 
fish  and  mollusKs,  will  increase  due  to  increased  human  activity  within 
the  area  impacted  by  tne  MX  Missile  System. 

5.  The  White  River  soinedace  has  been  extirpated  in  Preston  Big 
Spring,  apparently  as  a  result  of  directing  the  outflow  into  an 
underground  tube  some  500  meters  downstream  from  the  source. 

6.  The  White  River  desert  sucker  has  declined  in  abundance  in  Preston 
Big  Spring,  apparently  as  a  result  of  the  modifications  mentioned  in 
number  5  above. 

7.  Mitigation  of  the  adverse  impacts  of  the  construction  and 
operation  of  the  MX  Missile  System,  we  believe,  is  only  partially  possible 
by  development  of  large  refuge  areas  of  natural  desert  aouatic  habitats 
and  by  development  of  a  continuing  and  comprehensive  public  education 
program. 


8.  Mitigation  measures  must  squarely  address  the  problem  of 
maintaining  natural  habitats  as  the  only  successful  and  permanent  means  of 
avoiding  adverse  impacts  to  native  soecies.  This  may  require  establishing 
a  refuge  system  of  representati ve  desert  aquatic  ecosystems  in  the 
deployment  area. 

9.  Some  mitigation  of  the  adverse  impacts  certain  to  result  from 
increased  population  may  be  possible  throuah  a  continuous  and 
comprehensive  public  education  program  which  focuses  on  improving  the 
general  understanding  of  the  ecological  effects  of,  even  seemingly  minor, 
activities  centered  on  desert  aquatic  systems. 

10.  Surveys  of  population  status  of  mollusks,  fish,  i nvertebrates  and 
other  organisms  should  be  undertaken  throughout  the  deployment  area. 
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ABSTRACT 


To  provide  a  data  base  on  aquatic  resources  in  eastern  and  central 
Nevada  useable  in  developing  objective  estimates  of  the  probable  impacts 
of  deployment  of  an  MX  missile  system  in  Nevada,  we  examined  four  selected 
aquatic  habitats  in  some  detail  and  several  others  somewhat  more 
superficially.  Data  were  collected  in  June  through  September,  1980,  at 
3reston  Big  Spring,  Big  Spring  at  Lockes  Ranch,  Shoshone  Ponds,  the 
outflow  of  Ash  Spring  and  several  other  aquatic  habitats  in  Spring  Valley 
and  Steptoe  Valley.  Information  available  through  the  literature,  as  well 
as  unpublished  data  from  J.E.  Deacon's  files,  were  used  as  additional 
sources  of  information.  A  large  number  of  endemic,  sensitive  or  endangered 
organisms  occur  within  the  area  proposed  for  deployment  of  the  MX  Missile 
System.  Several  endemic,  undescribed  species  and  genera  of  mollusks  were 
discovered  in  various  springs  in  Spring  Valley,  Steptoe  Valley,  Railroad 
Valley  and  White  River  Valley.  Endemic  mollusks  also  occur  in  Pahranagat 
Valley.  Populations  of  endemic  snails  were  found  to  be  high  in  habitats 
that  were  unmodified  and  that  did  not  contain  introduced  fish  or  other 
snails  such  as  Me l ano i des  tubercu I atus .  Dewatering,  channelizing, 
construction  of  cement-lined  ditches,  damming,  and  establishment  of 
non-native  species  of  fishes  or  mollusks,  reduce  populations  of  native 
fishes  and  snails  to  varying  degrees.  Severe  impacts  on  the  native  fishes 
and  mollusks  can  be  expected  as  a  result  of  increased  intensity  of 
recreational  use.  This  in  turn  will  result  in  greatly  increased 
probability  of  introduction  of  Melanoides  tubercul atus,  an  oriental  snail 
that  almost  entirely  eliminates  many  native  snails,  as  well  as  a  variety 
of  tropical  fishes  that  adversely  affect  native  fishes. 

preston  Big  Spring  was  the  most  modified  of  any  system  studied  and 
showed  a  major  reduction  of  aquatic  habitat  due  to  underground  diversions 
some  400  meters  below  the  spring  source.  The  channel  also  had  been  dredged 
in  the  past  and  old  diversion  channels  and  weirs  could  still  be  discerned. 
At  this  spring,  the  invertebrate  fauna  was  the  most  diverse  of  any  system 
studied.  This  is  partly  attributable  to  the  cooler  waters  present  in  this 
habitat.  This  spring  also  had  diverse  algal  and  aquatic  macrophyte 
communities  providing  a  rich  source  of  microhabitats  to  support  a  variety 
of  invertebrate  species.  This  spring  historically  contained  four  native 
soecies  of  fish  but  our  study  demonstrated  that  the  White  River  spinedace 
disappeared  subsequent  to  1966-67.  The  White  River  sucker  population  was 
found  to  be  scarce  and  is  in  danger  of  becoming  extirpated  if  further 
habitat  alterations  continue.  White  River  speckled  dace  and  White  River 
springfish  were  the  dominant  fish  species  in  this  habitat.  The  dace  was 
the  most  abundant  and  was  primarily  carnivorous,  while  the  springfish  was 
herb i vorous . 

Lockes  Ranch  was  the  warmest  of  all  habitats  studied  and  contained 
relatively  few  species  of  alga  and  aquatic  macrophytes.  No  change  in  the 
soecies  composition  or  distribution  of  fishes  could  be  discerned  during 
the  course  of  the  field  work.  No  major  modifications  to  this  habitat,  in 
the  immediate  vicinity  of  the  soring  source,  could  be  discerned.  The 
ni trogen-poor  waters  provide  a  selective  advantage  to  nitrogen-fixing 
algae,  which  form  the  base  of  the  food  net.  Ri vu I ar i a  so.  appears  to 
provide  an  ostracod  nursery  algal  mat,  which  cannot  be  penetrated  by  fish 
predators.  The  Railroad  Valley  springfish  was  primarily  carr,  i vorous.  pish 
population  densities  throughout  the  soring  and  marsh  system  probably  are 
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strongly  influenced  by  winter  temperature. 

Shoshone  North  Pond  was  the  only  habitat  studied  that  was  -nan-made 
and  maintained.  It  currently  supports  an  introduced  population  of  Pahrump 
killifish  from  Manse  Ranch,  Pahrump  Valley,  Nye  County,  Nevada.  The  pond 
is  approximately  4  meters  across  and  1.5  meters  deep.  It  supoorts  a  small 
stand  of  aquatic  macrophytes  and  an  extensive  mat  of  filamentous  algae. 
Invertebrate  prey  populations  are  primarily  confined  to  the  algal  mats  and 
shallow  areas  of  the  shore,  where  fish  cannot  prey  upon  them.  Historical 
data  collected  at  Manse  Ranch  suggests  that  killifish  are  primarily 
carnivorous.  They  probably  strongly  influence  the  density  and  distribution 
of  zooplankton,  snails,  chironomids  and  other  invertebrates  within  this 
hab itat. 

The  outflow  of  Ash  Spring,  on  the  Sums  Ranch,  was  modified 
relatively  little  by  man.  There  is  not  a  well-defined  aquatic  macrophyte 
zone  along  the  outflow.  The  shoreline  is  predominately  vegetated  by 
willow,  ash,  grape  and  several  other  riparian  species.  The  algal  community 
in  this  system  was  fairly  diverse  and  showed  some  fluctuations  over  the 
study  period.  The  invertebrate  fauna  was  almost  entirely  dominated  by  the 
introduced  oriental  snail,  Melanoides  tubercu I atus .  The  native  fish  fauna 
showed  a  strong  preference  for  similar  type  habitats.  The  speckled  dace 
were  almost  exclusively  found  in  deep  portions  of  the  habitat,  behind 
small  snags,  while  adult  Pahranagat  roundtai I  chub  were  only  found  in  a 
deep  hole  at  transect  50.  The  presence  of  young  roundtai l  chub  throughout 
the  habitat  suggests  that  there  is  a  shift  in  habitat  requirements  in  the 
adult  population.  The  convict  cichlid  and  mexican  molly  shared  dominance 
in  the  fish  fauna.  Clearly,  the  non-native  fish  and  the  introduced  snail, 
Mel anoi des  tubercu I atus,  have  caused  a  reduction  in  population  densities 
of  native  fishes  and  moilusks.  Other  invertebrates  may  also  have  been 
adversely  affected. 

Construction  activities  that  involve  use  of,  or  even  temoorary 
manipulation  of  waters  in  Nevada,  will  profoundly  affect  the  aquatic 
habitats  in  a  variety  of  ways.  Modifications  of  flow  patterns  or 
manipulation  of  waters  has  been  shown  to  sometimes  result  in  elimination 
of  some  endemic  species  of  aquatic  organism  in  Nevada.  The  secondary 
impacts  resulting  from  increased  recreational  use  of  aquatic  habitats  will 
also  adversely  affect  the  endemic  biota.  Most  notably,  the  intentional  or 
unintentional  spreading  of  non-native  biota,  which  accompanies  increased 
recreational  use,  will  have  profound  and  lasting  impacts  on  Nevada  's 
native  aquatic  biota. 


INTRODUCTION 


Four  aquatic  habitats  in  Nevada  have  been  selected  for  intensive 
study  in  an  effort  to  provide  a  data  base  that  will  allow  objective 
estimates  of  probable  impacts  on  the  aquatic  biota  within  the  proposed 
area  for  deployment  of  an  M  X  Missile  System  in  Nevada.  This  report 
summarizes  information  developed  as  a  result  of  field  work  in  June,  July, 
August,  and  September,  1980,  at  Preston  Big  Sprinq  in  White  River  Valley, 
Lockes  Ranch  in  Railroad  Valley,  Shoshone  Ponds  in  SDrinq  Valley,  and  in 
tne  outflow  of  Ash  Spring  in  Panranagat  Valley.  These  aquatic  habitats 
were  selected  as  being  representative  of  the  kinds  of  aquatic  habitats  in 
the  deployment  area.  Studies  conducted  in  these  four  habitats  are 
intended  to  identify  the  kinds  of  environmental  considerations  that  will 
be  imoortant  in  the  deployment  area  once  specific  sites  and  specific 
impacts  are  identified.  It  is  clear  that  each  locality  has  its  unique 
characteristics  and  that,  therefore,  it  will  be  necessary  to  conduct  site 
specific  investigations  as  potential  impacts  are  identified.  This  study 
serves  both  to  identify  the  kinds  of  environmental  problems  existing  in, 
or  associated  with,  aquatic  habitats  in  the  proposed  deployment  area  and 
as  an  example  of  the  kind  of  site  specific  investigations  that  will  be 
necessary.  A  brief  survey  of  other  aquatic  habitats  in  Spring  Valley 
provides  considerable  insight  into  the  need  for  surveys  of  poDulation 
status  of  at  least  molluscs  throughout  the  deployment  area.  Other 
information  for  other  valleys  demonstrates  a  similar  need  with  respect  to 
fish  population  status.  We  have  emphasized  development  of  information 
pertinent  to  an  assessment  of  the  biological  relationships  of  the  fish 
populations  in  the  four  habitats  studied. 


The  report  includes  a  ohysical  description  of  the  four  areas 
intensively  sampled,  information  on  certain  physical  and  chemical 
character i sti cs  of  the  water,  data  on  occurrence,  distribution  and 
abundance  of  plants  and  animals  in  each  of  the  four  habitats,  and 
information  on  food  habi+s  and  population  sizes  of  the  fish  populations, 
in  addition,  results  of  a  molluscan  survey  of  aquatic  habitats  in  Sprinq 
Valley  are  included.  Appendix  A  provides  site  specific  information 
regarding  occurrence  and  status  of  sensitive  species  of  animals  at  many 
other  localities  within  the  deployment  area.  While  this  information  is 
not  complete,  it  does  provide  site  specific  information  available  to  us  at 
present  beyond  the  four  habitats  intensively  sampled. 


Habitat  Morphometry 


Methods 


Permanent  controls  were  established  at  all  the  sample  sites  by 
placing  paired  stakes  at  the  beginning  and  end  of  each  100  meter  section 
of  habitat.  Transect  lines  at  five  meter  intervals  were  then  measured  and 
marked  with  wooden  stakes  set  perpendicular  to  the  stream  channel.  A 
transit  was  used  to  record  the  angle  and  horizontal  distance  to  each 
paired  stake.  Surveyors  twine  was  then  stretched  between  stakes  at  each 
transect  and  the  horizontal  distance  of  the  riparian  zone,  aauatic 
macrophytes,  and  open  water  was  recorded.  Species  composition  and 
abundance  was  noted  for  each  vegetation  zone.  Depth,  current,  and 
substrate  data  were  taken  at  the  edges  of  the  aquatic  macrophyte  beds  and 
at  the  point  of  highest  current  speed.  Tables  and  figures  for  this 
section  can  be  found  in  Appendix  3  at  the  end  of  the  report. 

Results  And  Discussion 


Preston  Big  Soring 

U  T  M  (  666,232  m  E  /  4,310,385  m  N;  Lund  2  Sheet  ) 

Pigure  3-1  outlines  the  distributional  patterns  of  the  riDarian  and 
aquatic  vegetation  zones  within  the  study  area.  Transect  lines  have  been 
designated  and  are  synonomous  with  station  locations  for  all  aauatic 
biological  samoling  conducted  during  June  through  September.  The  soecies 
composition  of  the  plant  community  is  given  in  Table  3-'.  Estimated 
oercent  coverage  for  each  species  at  each  ■“ransect  location  is  Drovided  in 
Table  3-2. 

The  riparian  zone  along  the  western  margin  of  the  spring  is  easily 
divided  into  discrete  zones  based  upon  dominance  within  the  Diant 
community.  From  the  spring  source  down  gradient  to  transect  "0  there  is 
little  true  riparian  vegetation.  Open  soil  is  Drevalent  with  Asteraceae 
comprising  50-90?  of  the  total  species  composition.  From  transect  20  down 
to  transect  90  Sa I i x  sp. dominates  the  flora.  Some  Potent  ilia  anser i na 
(rose)  is  intersoersed  through  transects  25  to  55,  but  dees  not  conrribute 
a  major  component  to  the  overall  community.  Below  transect  90,  where 
thistle  and  rush  dominate  the  ground  cover,  there  is  no  true  riparian 
zone. 

The  eastern  boundary  of  the  soring  has  a  more  diverse  riparian  flora 
that  is  heterogeneous  in  its  distribution.  The  upper  segments  of  the 
spring  near  its  source  down  through  transect  45  is  comocsed  orimarily  of 
Potentilla  anser ina  and  an  assemblage  of  miscellaneous  species  that 
contribute  almost  half  of  the  total  cover.  This  conoonent  is  orimarily  of 
Juncus ,  sage,  thistle,  mint,  milkweed,  willow-herb,  and  several  soecies  of 
Schrophu i ar i aceae.  The  remainder  of  the  habitat  contains  the  above 
soecies  exceot  that  the  rose  is  lacking. 

The  riparian  zone  remained  unchanged  in  both  soecies  comocs  i  ■k  ion  and 
abundance  during  June,  July  and  August.  However,  in  ■‘■he  week  oreceeding 
September  5th,  the  riparian  zone  was  severely  trampled  3nd  grazed  by 
cattle  (  Photos  3  1-2  ).  The  only  plant  soecies  to  survive  were  willow, 
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rose  ana  Palmer's  Penstemon.  All  other  species  were  either  trampled  or 
grazed  to  ground  level. 


► 

I 


i 


Prom  June  through  August,  the  aquatic  vegetation  zone  throughout  the 
entire  study  area  was  dominated  by  two  species:  Ror i ppa  nasturti um- 
aauati cum  (watercress)  and  Sc i rpus  americanus.  Composition  within  a  given 
transect  was  variable,  though  Sc i rpus  comprised  the  majority  of  the 
biomass.  Watercress  reached  its  highest  density  in  the  head  pool  region 
and  at  transects  65a-65b,  where  a  small  spring  source  contributes 
additional  flow  to  the  system.  In  general,  the  western  margin  of  the 
spring  from  the  head  pool  to  transect  65  contained  well  developed  areas  of 
aquatic  macrophyte  beds.  These  beds  were  also  heavily  grazed  by  the 
cattle  and  disturbance  of  substrates  throughout  the  spring  was  obvious. 
This  damage  to  both  the  riparian  zone  and  aquatic  macrophytes  occurred 
from  the  soring  source  all  the  way  down  to  the  diversion  weir. 

Channel  development  at  Preston  Big  Sprinq  can  be  observed  by 
reviewing  Figures  9-2  through  4.  These  also  demonstrate  the  depth 
profiles  along  each  transect  line  and  the  relative  lateral  extension  of 
tne  aquatic  vegetation  zones.  Table  3-3  gives  depth,  current,  and 
substrate  readings  associated  with  each  transect  for  the  respective 
vegetation  zones  and  mid-channel  for  the  June  collections.  There  was  no 
significant  change  in  any  of  these  parameters  during  July  through 
September . 


Preston  Big  Spring  has  experienced  extensive  modifications  in  the 
past.  There  is  ample  evidence  of  excavation  along  the  entire  outflow  down 
to  the  point  of  underground  diversion  approximately  500  meters  south  of 
the  spring  source.  This  structure  has  resulted  in  the  loss  of  the 
available  aquatic  habitat  below  that  point.  A  few  meters  below  transect 
100  on  the  eastern  bank  is  the  remains  of  an  old  cament  diversion  weir.  A 
recognizable  channel  can  be  discerned  leading  away  to  the  south-east.  No 
otner  historical  above  ground  diversion  channels  could  be  discerned. 
Local  testimony  collected  during  the  June  sampling  trip  indicated  that 
occasionally  the  spring  is  "drag-lined"  to  remove  the  watercress,  and 
other  nuisance  plants.  The  extent  of  habitat  modification,  as  a  direct 
result  of  this  activity,  is  at  present  unknown.  Much  of  the  sprina 
outflow  above  transect  65  can  be  characterized  by  slight  to  moderate  flows 
with  extensive  quiet  water  refug i a  provided  by  thick  aquatic  macrophyte 
beds  along  the  western  bank.  The  eastern  bank  does  not  possess  this 
extensive  aquatic  macrophyte  development,  though  it  is  present  along  its 
entire  margin.  Below  transect  65,  the  outflow  gradient  steepens  and  the 
channel  becomes  very  narrow  with  firm  gravel  and  rock  substrates  and 
moderate  to  swift  current  velocities.  The  aquatic  vegetation  in  this  area 
is  almost  entirely  Sc i rpus  on  both  sides  of  the  bank. 


Lockes  Ranch 


U  T  M  (  607,194  m  E  /  4,268,020  m  N;  Nevada  Quadrangle  -4  ) 

Figure  9-5  outlines  the  distributional  patterns  of  the  aquatic  and 
riparian  vegetation  zones  for  this  study  area.  Transect  lines  have  been 
designated  and  are  synonomous  with  station  locations.  Photo  3-3  provides 
a  view  of  the  spring  pool  looking  south  down  the  outflow.  Those  species 
identifiec  within  the  various  veqetation  zones  are  presented  in  Table  B-1 . 


Sc i rpus  sp.  comprised  over  98?  of  the  total  cover  in  the  aquatic  macrophyte 
zone  for  the  entire  soring  outflow.  The  remaining  2?  was  represented  by 
Juncus  and  an  assortment  of  species  from  the  "riparian  zone." 

There  was  no  true  develooment  of  a  riparian  zone  at  Lockes  Ranch. 
The  study  area  was  situated  on  a  broad  plateau  approximately  450  meters 
wide  that  contained  4  genera  in  the  Asteraceae,  with  C i r i s i urn  mohavense 
(thistle)  and  Anemoosis  californica  dominating  the  ground  cover.  The 
other  species  listed  in  Table  B-l  were  randomly  interspersed  throughout 
the  "meadow"  and  comprised  approximately  20?  of  the  total  abundance. 
There  was  no  chanqe  in  either  composition  or  abundance  during  ■‘•he  study 
and  these  communities  are  considered  to  be  very  stable  in  the  absence  of 
external  modifications. 

Channel  development  at  Lockes  Ranch  can  be  seen  in  Figures  3-6  and  7. 
The  spring  pool  is  over  1.5  meters  deep  in  some  areas  and  taoers  to  a 
narrow  outflow  with  depths  generally  decreasing  down  gradient.  Current 
speeds  are  negligible  in  much  of  the  spring  pool  but  increase  down 
gradient.  Table  3-4  gives  specific  depth,  current,  and  substrate  readings 
for  each  transect  along  the  study  area  for  the  June  collections.  There 
was  no  significant  change  in  either  depth  or  current  during  the  study. 
Substrates  are  generally  very  soft  mud  in  the  spring  pool  and  immediate 
outflow  and  show  a  steady  increase  in  firmness  as  current  speeds  increase. 
Substrates  are  primarily  of  travertine  derivation  with  some  organic 
debris.  The  carbonate  crust  that  existed  in  the  swifter  portions  of  the 
outflow  was  disturbed  sometime  prior  to  the  August  sampling  though  large 
chunks  still  persisted  throughout  the  study  area.  There  is  a  lack  of 
extensive  shallow  areas  over  much  of  the  habitat  until  near  transects  90 
and  95.  At  this  point  there  are  some  broad  shelves  along  the  eastern 
margin  of  the  spring  outflow.  A  major  man-made  structural  diversion 
exists  at  transect  100,  dividing  the  stream  into  two  channels.  One  branch 
runs  westward  across  Highway  6  and,  eventually  arcs  west  and  south  to 
irrigate  wet  meadows  used  for  grazing  by  the  Nevada  Cattle  Company.  The 
other  branch  runs  southward  directly  to  the  meadows  just  mentioned.  A 
small  underground  siphon  exists  near  transect  70  that  feeds  a  small  6  inch 
diameter  pipe  leading  to  the  south.  Its  purpose  is  unknown.  The  only 
other  evidence  of  habitat  alteration  is  the  presence  of  an  old  "bath 
house"  that  sits  across  the  stream  at  transects  75-50.  There  is  no 
evidence  that  the  stream  course  above  transect  100  or  the  main  pool  itself 
have  ever  been  excavated. 

Shoshone  North  Pond 


U  T  M  (  724,203  m  E  /  4,311,730  m  N;  Nevada  Quadrangle  7-1  ) 

Figure  B-8  shows  the  basic  habitat  morphometry  of  Shoshone  North 
Pond.  Transect  lines  have  been  indicated  to  facilitate  interpretation  o* 
the  3  cross-sectional  transects  provided  in  Figure  3-9.  Table  3-5  shows 
the  associated  depth  readings  taken  at  each  transect.  There  were  no 
detectable  current  speeds  within  the  Dond  and  the  substrates  consisted  of 
detrital  mud  and  gravel.  There  was  no  riparian  zone  at  this  sample  site 
and  a  poorly  developed  aquatic  marcroohyte  stand  along  the  eastern  and 
southern  boundaries  as  seen  in  Photo  3-4.  The  dominant  emergent  soecies 
was  Sc i rpus, wh i ch  comprised  98?  of  the  total  cover.  Those  soecies  listed 
in  Table  9-1  comprised  the  remaining  2?  and  were  found  primarily  along  the 
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ro-fne'Ti  and  western  boundary  of  +ne  pond. 

This  pond  exists  within  an  artificial  enclosure  and  is  one  of  three 
nearly  identical  ponds  that  were  constructed  by  the  3ureau  of  Land 
Management  as  refug  i  a  for  native  fish  species.  Management  control  is 
under  the  jurisdiction  of  the  Ely  District  Office. 

Ourf low  Of  Ash  Spring 

U  T  M  (  660,066  m  E  /  4,145,326  m  N;  Nevada  Quadrangle  10-3  ) 

Figure  9-10  details  tne  habitat  morphometry  data  collected  at  this 
sampling  site.  The  riparian  zone  is  well  developed  within  the  study  area, 
wnere  ash  dominates  the  s*-eam  boundaries.  Interspersed  with  the  ash  is 
V i t i s  ca I i f orn i ca ,  the  "  California  wild  grape,  "  which  is  quite  dense 
along  the  wesrern  shoreline  at  transect  50.  There  are  also  a  few 
scattered  species  of  cottonwood  and  domesticated  c'ive  trees  throughout 
tne  habitat.  There  is  no  aauatic  vegetation  zone  at  -nis  sampling  site. 
Diants  common  to  the  surrounding  meadow  are  distributed  up  to  the 
shoreline  and  constitute  a  fairly  uniform  community.  Dominant  species  are 
rivdrocotv I e  spp.  (marshy  pennywort);  Anemops i s  cal i torn i ca  ( yerba-mansa ) ; 
E i eochar i s  par i sh i i  (spike  rush);  Juncus  (common  rush);  and  P i st i ch l is 
sp i cata  (salt  grass).  The  western  side  of  the  stream  channel  is  not 
neavily  grazed  and  is  considerably  more  lush  than  tne  eastern  meadows,  as 
°hoto  5-5  demonstrates.  Table  B-1  gives  the  specific  plants  collected  at 
*nis  locality.  There  was  no  detectable  change  in  plant  composition  at 
this  sampling  site  during  the  course  of  our  field  work. 

Transect  data  for  depth,  current,  and  substrates  can  be  found  in 
Taole  8-6.  Data  is  presented  for  June  only  as  more  detailed  analysis  are 
forthcoming  from  current  studies  utilizing  the  Instream  Flow  Methodology 
developed  by  the  U.  S.Fish  and  Wildlife  Service.  Substrates  are  primarily 
a  function  of  current  speed  with  firm  sand  bottoms  occurr i ng  where  current 
speeds  are  highest.  Soft  mud  can  be  found  along  all  the  margins  of  the 
stream  where  current  speeds  are  low  or  negligible.  cigures  B-1 1  through 
13  show  channel  development  through  the  study  area.  The  eastern  boundary, 
in  general,  contains  most  of  +he  shallow,  quiet  water  habitats  that  become 
exposed  when  irrigation  diversions  are  made  upstream.  A  deep  hole  and 
undercut  bank  on  the  eastern  edge  of  the  stream  occur  at  transect  50.  The 
western  margin  of  the  stream  contains  swift  water  and  undercut  banks. 
Only  at  transects  20  through  35  is  there  any  shallow  lateral  development 
of  quiet  water  habitat  on  the  western  edge  of  the  stream. 
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METHODS 


PHYSICAL  CHEMICAL  CONDITIONS 


Standard  methods  were  used  fc r  tne  collection  and  analysis  of 
onysicai  chemical  data  ;  '"able  1  ).  Methods  of  analysis  are  presented  in 
'j.  S.  A  3  H  A  ( 1975 ),  except  for  n i tr 3te, wh i ch  has  Seen  described  by 
Cellar  et  ai.  (1980).  Ail  samoles  for  laboratory  analysis,  except 
nitrate  samples,  were  collected  and  cooled  to  zero  degrees  C  immediately 
following  collection  and  maintained  at  this  temperature  until  analysis. 
Nitrate  samples  were  frozen  immediately  following  collection  and 
maintained  in  the  frozen  state  until  analysis.  The  following  prands  of 
electronic  instruments  were  used  for  sample  analysis: 


Beckman  Conductivity  Bridge  No.  R  C  -  19 
instruments  Lab,  Inc.  Portamatic  pH  Meter 
Mcni*ek  Nepne lometer  -  Model  21 


Yellow  Springs  Instrument  Oxygen  Meter  -  Model  No.  57 
RESULTS 


The  following  difficulties  -were  encountered  with  the 
phys ical /chemical  measurements: 

(1)  The  oxygen  meter  develooed  technical  difficulty  in  June  and  July  , 
rendering  questioned  I e  a  significant  amount  of  data. 

Only  data  for  which  the  meter  had  been  calibrated  by 
Winkler  test  with  no  electronic  drift  In  the  meter 
output  are  presented  for  these  months  (  Taoie  2  - 
all  oxygen  readings  ). 

(2)  Sulfate  samoles  from  June  were  imorooerly  fixed  in 
the  field.  As  a  result,  analysis  of  water  samoles  for 
sulfate  from  that  sampling  oeriod  could  not  be 
validated.  Since  all  other  related  parameters  were 
quite  consistent  between  sampling  periods  for  any 
given  spring,  very  little  difference  was  likely 

to  have  existed  between  June  and  July  values. 

(3)  The  pH  meter  develooed  technical  difficulty  in 
September  so  that  no  pH  or  alkalinity  values  were  obtained. 


There  were  considerable  differences  between  aquatic  sys~ens  in 
physical  chemistry  (  Tables  2  and  3  ).  In  general,  all  the  svstems, 
exceot  Shosnone  North  Pond,  would  be  considered  hard  water  springs  with 
generally  low  salt  content  and  some  sulfate  (  Hem,  1970  ).  Shosnone  North 
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TABLE  1.  Physical  chemical  methods  used  for  various  parameters  measured 
during  the  study. 


Parameter  Measurement  Method 


Field  Analyzed 

Oxygen  mg/1 


Temperature 

PH 

Hardness 

Laboratory  Analyzed 
Nitrates  (N03) 
Sulfates 

Specific  Conductance 
Turbidity 


°C 

mg/1 

mg/1 


ug/1 

mg/1 

umhos/cm 


02  meter  or  Winkler-Azide 
modification 

Thermometer 

EDTA  Ti trimetric 

Potentiometric  to  pH  4.5 

Kellar  et  al .  1980 
Turbi dimetric 
Conductivity  Bridge 
Nephelometric 


N.T.U. 


no  observation  made.  (continued) 
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no  observation  made.  (continued) 


TAlil  t  3.  laboratory  analyzed  physical/chemi  cal  parameters 
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Nitrates  Sulfates  Specific  Cond 


Pond  was  quite  low  in  dissolved  solids.  None  of  the  sorings  displayed 
turbidity  to  any  degree.  Lockes  Ranch  Soring  3nd  Shoshone  North  Pond  were 
quite  low  in  nitrates,  while  the  outflow  of  Ash  Spring  and  particularly 
Preston  Big  Spring  were  much  higher. 

The  pH  of  all  the  springs  was  in  the  alkaline  range  but  not  excessive 
ir  any  spring.  The  pH  at  Shoshone  North  Pond  was  quite  var'able, 
undoubtedly  a  result  of  daily  algal  productivity  cycles. 

Oxygen  levels  at  Shoshone  North  Pond  were  generally  high.  Oxygen  at 
the  surface  at  Shoshone  North  Pond  was  supersaturated  during  the  peak 
illumination  period,  but  never  dropped  below  50*  saturation  even  when 
measured  just  before  sunrise.  Although  the  absolute  values  of  some  June 
and  July  oxygen  readings  with  the  meter  were  questionable,  the  relative 
pattern  of  oxygen  content  with  depth  at  Shoshone  North  Pond  indicated  a 
nearly  homogeneous  oxygen  profile, with  the  exception  that  a  drastic  peak 
existed  at  the  surface  during  maximum  light  intensity.  There  were 
indications  that  the  oxygen  levels  became  homogenous  throughout  the  pond 
overnight  except  during  September,  when  there  was  an  oxyqen  peak  at  the 
bottom  of  the  pond.  This  anomaly  is  explained  by  the  fact  that  upon 
arrival  at  Shoshone  Ponds  in  September,  it  was  observed  that  the  algae  mat 
was  lying  on  the  bottom  of  the  north  pond.  The  oxygen  peak  shifted  to  the 
surface  later  in  the  day  as  the  algae  mat  slowly  floated  to  the  surface  as 
a  result  of  photosynthet i c  oxygen  production. 


The  oxygen  levels  at  Preston  Big  Soring  and  Lockes  Ranch  Spring  were 
low,  generally  below  50 %  saturation.  Oxygen  levels  did  exceed  50? 
saturation  at  Lockes  Ranch  Spring  at  the  100  meter  transect  in  July  at 
1200  hours,  even  though  the  absolute  oxygen  content  was  quite  low.  The 
solubility  of  oxygen  in  Lockes  Soring  is  low  however,  creatina  a  low 
oxygen  condition  especially  near  the  head  pool.  During  high  light 
intensity  periods  there  was  a  notable  difference  in  oxygen  content  near 
the  head  pool  and  100  meters  downstream  at  Lockes  Ranch  Spring  ,  although 
oxygen  levels  throughout  the  study  area  tended  to  equalize  overniqht 
(  Table  2  ).  Although  there  were  some  indications  of  diurnal  differences, 
the  oxygen  content  of  the  water  at  both  ends  of  the  study  area  at  Preston 
Big  Soring  displayed  only  slight  differences  at  any  given  time. 

Oxygen  levels  were  quite  constant  throughout  the  four  month  study 
period  in  all  aquatic  ecosystems  studied.  There  were  indications  in  the 
data  that  oxygen  production  and  temperature  increased  slightly  as  a 
function  of  day  length.  Throughout  the  four  month  period,  physical 
chemical  parameters  were  not  causing  excessive  stress  on  the  biota  of  the 
sample  sites.  Only  conditions  at  Lockes  Ranch  Soring  present  borderline 
natural  stressful  conditions.  The  ecological  relationships  of  extremely 
low  nitrates  at  Lockes  Ranch  Spring  and  variable  high  nitrates  at  °reston 
3ig  Soring  is  not  well  understood  at  this  +  ime.  Winter  and  early  spring 
physical  chemical  conditions  need  to  be  monitored  before  seasonal 
fluctuations  can  be  ascertained. 
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N^CDUCTI  ON 


ALGAL  COMMUNITIES 


"  Aufwuchs  "  is  a  term  used  to  designate  m i crocommun i Ty 

associated  wi-n  substrates  in  aquatic  habitats.  it  includes  attached 
a i gae  and  organisms  that  live  intermingled  witnin  it.  In  this  study  the 
algal  comoonent  of  the  "aufwuchs"  community  was  examined.  The  purpose  of 
*nis  section  is  to  list  the  algal  species  found  in  each  habitat  and  to 
aescrioe  their  position  in  the  community.  Literature  describing  alqae  of 
the  study  habitats  is  quite  limited.  La  Rivers  (1578)  is  the  only  source 

wi*h  specific  reference  to  any  of  the  study  habitats.  He  described  six 

pec ; es  of  algae  found  in  Lockes  Ranch  Spring  during  1956-57.  La  Rivers 
ook  (1973)  is  the  best  source  for  distributions,  descriptions,  and 

1 i ustr at i ons  of  algae  found  in  Nevada  springs.  The  book  is  a  comp' l at  ion 
o*  nis  findings  and  information  in  a  handful  of  published  re^rts  on 
Nevada  algae  (  Drouet  ;  La  Rivers  1 96 5 ;  and  Shields  and  Drouet  1962  ).  He 
describes  more  than  450  species  of  algae  from  the  western  Great  Basin. 
Not  mentioned  u,  La  Rivers  is  an  unpublished  master  thesis  by  (  Morgan, 
'952  )  listing  31  species,  mostly  blue-green  algae,  which  were  previously 
unrecorded  in  Death  Valley.  Later,  Taylor  (1979)  reported  on  52  species 
of  a i gae  from  eight  natural  springs  on  the  Nevada  Test  Site.  Thirteen 
species  (mostly  diatoms)  were  common  to  Taylor's  study  and  the  present  one. 
Tne  Nevada  Test  Site  springs  had  very  low  flow  rates;  some  -eoortedly  dry 
up  *or  snort  periods  during  the  year.  No  fish  were  seen  in  any  of  those 
spr i ngs . 


The  algal  community  in  streams  and  springs  common  I v  consists  of  a  few 
p-imary  3*~ucturai  components  of  well  anchored  filamentous  species  which 
provide  microhaoitat  for  a  multitude  of  additional  plant  and  animal 
species.  Some  of  the  additional  species  are  attached  to  the  primary 
3~"uctura!  forms,  while  others  grow  within  the  structural  matrix  in  a  more 
independent  fashion  as  tycnop I ankton .  In  side  areas,  where  flow  r-ates  are 
low,  algae  grow  and  accumu ’ ate  to  form  suspended  masses  and  floating  mats 
where  *ney  perform  a  function  similar  to  that  just  described.  With  minor 
variations,  all  of  the  study  habitats  follow  this  pattern.  Rlowinq  water 
is  virtually  non-existent  in  Shoshone  North  Pond,  but  a  thick  algal  mat 
e"fs  as  a  primary  structural  component  there  as  well. 


Phytoplankton  are,  by  definition,  the  algae  which  live  freely 
suspended  in  the  water  column.  Most  of  them  lack  a  mechanism  to  move 
enough  to  overcome  the  natural  movements  of  the  water.  True  phytoplankton 
communities  usually  develop  in  lakes,  ponds,  and  large  slow  moving  rivers, 
in  most  streams  and  rivers,  flow  rates  are  too  high  to  allow  time  for 
pnytoo I ankton  communities  to  develop.  In  streams,  "plankton"  algae  are 
usually  organisms  that  have  washed  out  of  lakes  and  ponds  or  alqae  that 
nave  come  f^om  attached  algal  communities  in  the  stream. 


These  gene-a l ' cat i ons  are  quite  appropriate  for  all  of  our  studv 
nab'tats.  In  °^eston  Big  Spring  and  Lockes  Ranch  Spring  it  is  highly 
'mp^opaoie  *nat  a  *rue  phytoplankton  community  could  develop  within  IDO 
meters  of  the  head  pools  due  to  the  water  velocity. 


AUFWUCHS 


Collections  of  aufwuchs  (periohy+on)  were  made  for  the  purpose  of 
identifying  "-he  algal  species  present  in  each  habitat.  To  that  end,  each 
habitat  was  examined  thoroughly  and  grab  samples  were  taxen  from  many 
substrate  tyoes  and  current  conditions.  Samples  included  rock  and  stick 
scrapings,  whole  rocks,  squeezings  and  cuttings  of  aquatic  vascular 
plants,  floating  mats,  and  organic  flocculum  from  benthic  surfaces.  A 
compound  microscope  and  a  dissecting  microscope  were  taken  to  the  field  in 
July  and  August  to  aid  in  the  collection  of  specialized  st-uctures  needed 
to  identify  certain  algal  species. 

°eriphyton  samples  were  preserved  with  Acid  -  Lugo  is  solution. 
or-eservat i ve  was  added  until  a  tea  color  was  maintained  in  each  samole. 
The  quantity  varied  depending  upon  •“he  amount  of  algae  in  the  samole. 
Selected  samoies  were  kept  alive  by  refr i gerat i on  and  returned  to  Las 
Vegas  for  analysis. 

Wet  mounts  were  made  for  microscopic  examination  of  all  samples.  In 
addition,  Hyrax,  a  synthetic  resin,  was  used  to  mount  cleared  diatoms. 
These  cleared  diatoms  are  necessary  to  observe  the  taxonomically  useful 
shapes  and  decorative  features  of  their  cell  walls.  Periphyton  species 
identifications  were  made  using  an  inverted  microscope  with  light-field 
phase  contras*  capabilities.  Algal  identifications  were  made  to  the 
soecies  level  or  to  the  lowest  taxonomic  level  possible. 


PHYTOPLANKTON 


Phytoplankton  were  counted  using  the  inverted  microscope  method 
(  Jtermon I ,  1931;  1958  ).  This  procedure  facilitates  the  identification 
and  enumeration  of  all  phytoplankton  size  components  and  allows  counts  of 
not  only  the  dominant  soecies,  but  also  the  uncommon  species. 

One  liter  phytoplankton  samples  were  collected  from  10  centimeters 
below  the  surface  with  a  3  liter  Van  Oorn  grab  sampler.  Phytoplankton 
samoies  were  preserved  in  Acid  -  Lugols  solution.  One  ml  of  preservative 
was  added  to  each  100  ml  of  phytoplankton  sample  at  the  time  of 
collection.  Samoies  were  stored  in  mason  jars.  The  effective  shelf  life 
is  3  years  or  mere  when  stored  properly  (  Nauwerck,  19631  . 

The  nanoo i ankton ic  species  (less  than  54  urn)  were  counted  at  400x 
magnification  in  one  or  more  strips  across  the  entire  diameter  of  tie 
plate  chamber.  The  larger,  more  common  forms  were  counted  at  200x 
magnification  in  one  or  two  across  diameter  strips.  The  entire  plate 
cnamber  was  then  scanned  at  lOOx  magnification  for  the  less  common  arge 
algal  species.  All  species  not  encountered  at  the  higher  magn i f i ca* ; ons 


were  enumerated  at  100x.  Wnen  necessary,  one  or  two  strips  10  mm  in 
length  were  enumerated  at  lOOOx  magnification  (oil  immersion)  for  the 
small  forms.  Due  to  extremely  low  algal  densities,  a  low  level  of  error 
was  not  always  achieved. 


RESULTS  AND  DISCUSSION 
A'JFWUCHS 

Preston  3iq  Spring 


Flow  rate  and  attachment  substrates  were  the  primary  factors 
controlling  the  distribution  of  algal  species  in  Preston  Big  Spring. 
Algae  that  formed  the  primary  structural  components  were  Sp i rogrya 
var j ans ,  C I adophora  o I omer ata ,  and  D i chotomos i phon  tuberosus  (  Table  4  ). 
Near  the  head  pool  where  flows  were  slow,  extensive  suspended  and  floating 
mats  of  S.  var i ans  developed.  It  was  also  found  throughout  the  habitat 
where  the  flow  slowed,  usually  in  small  open  areas  of  aquatic  weed  beds. 
C.  g I omer at a  was  very  abundant  in  the  main  stream  and  occasionally  in  the 
shallow  areas  around  Sc i rpus  stems,  it  was  attached  to  Ror i ppa  in  fast 
flowing  water  and  formed  streamers  up  to  30  cm  long.  Pi chotomos i phon 
tuberosus  dominated  much  of  the  shallow  water  among  the  sedge  stems  and 
Ror i ppa  roots  near  the  head  pool.  It  formed  dense,  felty  growths  and 
provided  a  large  surface  area  for  epiphyte  development. 


Seventy-four  species  of  algae  were  identified  in  samples  collected 
from  Preston  Big  Spring  (  Tables  4  and  5  ).  Between  the  50  and  100  meter 
transects,  the  mid-channel  area  was  covered  with  small  s tones  (1-15  cm  in 
diameter).  In  June,  some  of  the  stones  were  covered  with  short  (1-2  cm) 
Cl adoohora  growths  and  a  mixed  diatom  assemblage,  while  others  were 
covered  with  Homeothr i x  ju I i ana  (blue-green).  In  July,  August,  and 
September,  the  Cl adophora  and  diatoms  had  been  largely  replaced  by  H. 
ju I i ana.  In  June,  Char a  vu 1  oar i s  was  found  only  in  one  smal I  patch  in  a 
backwater  area  near  the  60  meter  transect.  By  July,  Char a  was  beginning 
to  grow  between  the  stones  in  mid-channel.  Once  established  there,  it 
remained  through  August  and  September. 


Diatoms  were  the  most  diverse  group  of  algae  encountered  in  the 
habitat.  They  comprised  most  of  the  chrysophytan  species  and  more  than 
50  i  of  the  total  number  of  species  identified  throughout  the  study  period 
(  Table  5  ).  Although  green  algae  (  Chlorophyta  )  were  not  as  diverse  as 
the  diatoms,  they  accounted  for  most  of  the  algal  biomass  present  in  tne 
system.  The  blue-green  algae  (  Cyanophyta  )  were  nearly  as  diverse  as  the 
green  algae  in  species  numbers.  Most  of  the  Cyanoohyta  were  found 
scattered  and  i ntermir.g I ed  among  the  larger  filamentous  green  algae  in 
relatively  low  numbers.  Osc i I  I ator i a  nigra  (blue-green)  formed  compact 
purple-black  clumps  (1-2  cm  in  diameter)  at  the  water  surface  around  the 
s+ems  of  Rpr i ppa  throughout  the  habitat.  ju I i ana  formed  nearly  pure 

growths  on  mid-channel  stones. 
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"able  A.  Algae  of  the  "Aufwuchs"  Community  in  Preston  3 i g  Soring,  19BO 
'includes  species  found  in  the  phytoplankton  samples). 


Species 


Jun  7  Jul  12  Aug  ?  Sep  6 


CHLOROPHYTA 
Charal es 


lhara  vul gari s  L. 


Chaetophoral  es 

Protodema  viride  Kuetzing  (possibly) 
Stigeoclonium  sp.  Kuetzing 

Chi orococcal es 

Elakatothrix  viridis  (Snow)  Printz 
Pediastrum  boryanum  (Turp.)  Menegh. 

Scenedesmus  acutus  ^eyen 
S.  bi luoa  (Turp.)  Lagerheim 

Cladophoral es 

Cladoohora  fracta  (Oillw.)  Kuetzing  (probably) 

C.  qlomerata  (L.)  Kuetzing 

Rhi zocl onium  sp,  Kuetzing  (probably) 

Oichotomosi phonal es 

Dichotomosi phon  tuberosus  (Braun)  Ernst 


Qedogonium  sp.  Link 


Oedogonial es 


Zygnematal es 


Cosmari urn  sp.  Corda 
^ougeoti a  sp.  Agardh 
Soi rpqyra  spp.  Link 


(continued) 


’  7 r  '  vr  - 


•  i  r.1  f  .  v  ^ 


< 


Table  4  .  (continued) 


Species 


Jun  7  Jul  12  Aug  9  Sep  6 


S.  varians  (Hass.)  Kuetzing 
Zvgnema  sp.  Agardh 

CHRYSOPHYTA 
Central es 

Mel osi ra  varians  Agardh 
Stephanodi scus  sp.  Ehrenberg 

Chromul inal es 

Chromul ina  sp.  Cienkowski 

Pennal es 

Achnanthes  lanceolata  (3reb.)  Grun. 

v.  dubi a  Grun. 

A.  minutissima  Kuetzing 

A.  nol 7 i i  Bock 

Amphora  oval i s 

v.  aff i ni s  (Kuetz.)  V.H. 

Anomoeoneis  sphaerophora  (Kuetz.)  Pfitzer 

_A.  vitrea  (Grun.)  Ross 

Cocconei s  pi acentul  a 

v.'lineata  (Ehr.)  V.H. 

Cymbella  affinis  Kuetzing 

C.  Cistula  (Ehr.)  Kirchn. 

C.  microceohal  a 

v.  crassa  Reim. 

C.  pusilla  Grun.  (probably) 


***  **"* 


★  ★ 


(continued) 


448 


i 


aol e  A  . 


(continued) 


Species  Jun  7  J u T  12  Aug  9 


Denticula  tenuis  Kuetzing 

★  ★ 

★★ 

★  ★ 

Oiatoma  vul  pare  3ory 

★ 

-* 

★ 

Dioloneis  pseudcvalis  Hustedt 

★ 

Eunotia  so.  Ehrenberg 

★ 

Fraailaria  so.  Lynqbye 

★ 

★ 

★  ★ 

F.  caoucina 

v.  mesoleota  Rabh. 

-r 

F.  crotonensis  Kitton 

★ 

★ 

jomDhonema  so.  Aaardh 

★ 

★ 

3.  aobreviatum  Aaardh 

★  nr 

★nr 

3.  oarvulum  Kuetzinq 

★  ★ 

★•★ 

★nr 

3.  subclavatum  (Grun.)  ?atr. 

★ 

★ 

3.  truncatum  Ehrenberg 

★ 

★ 

Navic'jla  soo.  3ory 

★ 

★ 

N.  minima  Grun. 

★ 

★ 

★ 

Nitzschia  so.  Hassall 

★ 

★ 

N .  denticul a  Grun. 

★ 

N.  frustulum 

v.  oerousilla  (Rabh.)  Grun. 

★ 

★ 

N.  1 i neari s  W.  Smith 

★ 

ii*  2il ga  (Kuetz.)  W.  Smith 
°i nnul ari a  so.  Ehrenberg 
Rhooal odi a  qibba  (Ehr.)  Muller 
Svnedra  amohlceohala  Kuetzing 
S_.  rumoens  Kuetzing 


Sep  5 


i 


i 


(conti nue 


Species 


Jun  7  Jul  1?  Aug  9  Sep  6 


S.  ulna  (Nitz.)  Erhenberg 
Terpsi noe  sp.  Erhenberg 

Vaucherial es 

Vaucheri a  sp.  De  Candolle 

CYANOPHYTA 
Chroococcal es 

Aohanothece  sp.  Naeglei 

Chroococcus  turgidus  (Kuetz.)  Naeg. 

G1 oeocaosa  sp.  Kuetzing 

Gomohosphae’-i a  aponina 

v.  cordi formi s  Wolle 

Nostocal es 

Homgothri x  jul i ana  (Menegh.)  Kirchner 
Raphidioosi s  curvata  Fritsch  S  Rich 

Oscil latoriales 

Lynqbya  sp.  Agardh 
Oscil 1 atori a  sp.  Vaucher 
0.  chalybea  Mertens 
0.  lacustris  (Kleb.)  Geitler 
0.  nigra  Vaucher 
0.  tenui s  Agardh 

CRYPTOPHYTA 

Cryptophyceae 

Chroomonas  acuta  'Jtermohl 


★ 


★  * 

♦  ★  * 


* 


* 


* 


★ 

*  ★ 

★  *  ★ 

★  ★ 

★  *  ★ 

★  ★  * 


(continued) 
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Species  Jun  7  Jul  12  Aug  9  Sep  6 

Katabl ephari s  oval i s  Skuja  *  * 

EUGLENOPHYTA 
Eug 1 enal es 

EucQ ena  sp.  Ehrenberg  * 

^rachel omonas  so.  Ehrenberg  * 


*  ^resent  i n  samo1 es. 

**  Very  commonly  observed  in  samoles. 

*■'*  Primary-structural -component  of  the  “ aufwuchs"  community 
(e.g..  Cl adoohora ) . 


Total  number  of  taxa 


39 


Lockes  Ranch  Sorina 


Lockes  Ranch  Soring  is  unique  among  the  study  habitats  because  it  is 
a  warm  spring  (  37°  C  ).  Although  it  is  not  technically  a  thermal  spring 
(temperature  greater  than  45°  C)  ,  it  is  warm  enough  to  retard  the  growth 
of  many  algal  SDecies  and  give  the  prokaryotic  blue-green  algae 
(  Cyanoohyta  )  an  advantage.  This  spring  also  has  very  low  concentrations 
of  nitrate-nitrogen  (  Table  3  ),  a  major  nutrient  for  algal  growth.  At 
least  six  species  of  blue-green  algae  which  may  be  able  to  fix  atmospheric 
nitrogen  were  identified  in  the  spring;  several  of  them  were  primary 
structural  components.  If,  through  their  nitrogen  fixing  activities,  they 
are  supplying  most  of  the  nitrogen  to  the  spring  system,  their  presence  is 
uniquely  fundamental  to  the  entire  trophic  structure  of  the  habitat. 
To i ypothr i x  tenu i s  is  of  particular  interest  in  this  regard  because,  under 
laboratory  conditions,  it  fixed  n i trogen  at  a  rate  of  0.24  grams/meter 
squared/12  hours  (  Round  1965  ).  This  is  equivalent  to  1315  kilograms  of 
n i trcgen/acre/year .  Obviously,  this  species  may  be  the  single  most 
important  alga  in  Lockes  Ranch  Spring. 


In  Lockes  Ranch  Spring  the  primary  structural  components  are  three 
f i I amentous  b I ue-green  al gae,  i .e. ,  To  I ypothr i x  tenu i s ,  P I ectonema  wo  I l e i , 
and  R i vu I ar i a  so.  (  Table  6).  In  the  shallow  quiet  water  near  meter  98, 
extensive  susoended  growths  of  Qedoacn i urn  (  Chlorophyta  )  also  develop. 
T.  tenu i s  forms,  by  far,  the  bulk  of  the  algal  biomass  in  the  habitat. 
It,  and  dense  growths  of  Pj_  wo  I  lei ,  develop  cottony  masses  attached  to 
the  stems  of  Sc i rous ,  boards,  and  other  objects  on  the  bottom.  The  c lumps 
of  algae  are  rougn  and  form  streamers  up  to  30  cm  in  length  along  the 
edges  and  into  the  faster  flowing  water  of  the  stream.  ^ost  of  the 
remaining  algal  species  (  Table  6  )  grow  within  this  material  as  epiphytes 
or  endophytes  (i.e.,  under  the  sheaths  of  Pi ectonema  ). 


What  has  tentatively  been  identified  as  Ri vu I ar i a  grows  as  a  tough 
mat  about  1-2  cm  thick  on  solid  substrates  in  mid-channel.  The  mat  is 
layered  in  the  typical  fashion  of  R^  haemati tes  with  extensive  carbonate 
deposition.  Small  ostracods  were  found  living  inside  the  mat.  As  they 
feed  on  older  algal  material,  passages  are  developed  that  form  a  network 
within  the  mat.  We  think  the  mat  acts  as  a  nursery  for  young  ostracods 
where  they  are  protected  from  predation  by  the  fish  which  cannot  penetrate 
'•'he  surface. 


Sixty  species  from  five  algal  divisions  were  identified  in  samples 
from  Lockes  Ranch  Soring  (  Tables  6  and  7  ).  The  blue-green  algae 
(  Cyanophyta  )  were  more  important  here  in  terms  of  biomass  and  the 
relative  number  of  species  present  (  Table  7  )  than  they  were  in  any  of 
the  other  study  habitats.  The  diatoms  (  Chrysophyta  )  were  the  most 
diverse  algal  group  encountered,  wn ich  is  typical  of  most  stream  systems. 
Lllothr  ix  so.,  one  of  the  few  greens  (  Chlorophyta  )  in  the  habitat, 
commonly  grew  in  abundance  with  P I ectonema  wo  I  I e i .  Cryptoohytes  and 
cjglenoids  were  minor  components  in  Lockes  Ranch  Spring. 


453 


~ade  6.  Algae  of  the  "Aufwuchs"  Community  in  Lockes  Ranch  Spring,  1980 
.'includes  soecies  found  in  the  phytoplankton  samples'. 


Species 


Jun  8  Jul  13  Aug  10  Sep  7 


« 


Q 


CHLOROPHYTA 

Chaetophorales 

E ntocl adi a  pi thophorae  (West)  Smith  (probably)  * 

Charal es 

Chara  sc.  Val 1 iant 

Cl adophoral es 

Rhi zocl on i urn  hi eroal vphi cum 
v.  macrome’~es  Wittr. 

Oedogoni urn  sp.  Link 

Cl osterium  sp.  Nitzsch 
U1 othrix  sp.  Kuetzing 

Chromulina  sp.  Cienkowski 


Oedogonial es 


Zygnematal es 


CHRYSOPHYTA 
Chromul  i nal  es 


Pennal es 

Achnanthes  exi qua  Grun. 

v.  hete-~oval  va  Krasske 

A.  mi nuti ssima  Kuetzing 

Anomoeonei s  sp.  Pfitzer 

Cal onei s  bacil 1 ari s 

v.  thermal  is  (Grun.)  A.U. 

Cocconeis  pi acentul a 

v.  euglyota  (Ehr.)  Cl.  (probably) 

v.  1 ineata  (Ehr.)  V.  H. 


irtrie 


★ 

★ 


♦ 

* 


(continued! 
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Species 


Jun  3  Jul  13  Aug  10  Sep  7 


Cymbel 1  a  sp.  Agardh 
_C.  ci  stul  a  (Ehr.)  Kirchn. 

C.  pusi 1 1  a  Grun. 

Oenticula  elegans  Kuetzing 
Oi atoma  sp.  OeCandolle 
£pi thgmi a  sp.  3reb. 

E_.  adanata  (Kuetz.)  3reb. 

Eunotia  sudetica  0.  Mueller 
Fraoll ari a  so.  tyngbye 
Gomphonema  sop.  Agardh 
G.  affine  Kuetzing 

3.  anqustatuin  (Kuetz.)  Rabh.  (possibly) 

G.  oarvulum  Kuetzing 

Ma stool oi a  srrii thi i  thwaites 

Navicul a  sd.  3ory 

.V.  anousta  Grun.  (possibly) 

N.  cocconeiformi s  Greg,  ex  Grev. 
puol  a 

v.  rectanqul ari s  (Greg.)  Grun. 

N_.  radiosa  Kuetzing 
Nitzschia  denticula  Grun. 

Pi nnul ari a  sp.  Ehrenberg 
Rhooalodia  gibba  (Ehr.)  Mueller 
Synedra  sp.  Ehrenberg 
S_.  ul  na  (Ni  tz. )  Ehrenberg 


*•» 
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(continued) 


Species 


Jun  8  Jul  13  Aug  10  Sep  7 


CYANOPHYTA 
Chamaesi phonal  es 


Xenococcus  so.  Thuret 

* 

* 

Chroococcal es 

ADhanothece  staanina  (Sprenq.)  Braum 

Chroococcus  Dallidus  Naeqel i 

it 

* 

C.  turqidus  (Kuetz.)  Naegel  i 

* 

C.  varius  A.  Braun 

it 

* 

GomohosDhaeria  aoonina 

v.  cordiformis  Wolle 

* 

Nostocales 

Anabaena  sp.  Bory 

it 

* 

Calothrix  sp.  Aqardh 

** 

** 

Nostoc  so.  Vaucher  (possibly) 

* 

Plectonema  wollei  Farlow 

*** 

P.ivularia  sp.  Roth  (possibly) 

irkir 

*** 

Tolypothrix  tenuis  (Kuetz.)  emend.  Smidt 

it -kit 

*** 

T.  vrillei  Gardner 

it* 

** 

Oscill atorial es 

Lyngbya  sp.  Agardh 

L.  eoi phytica  Hieronymus 

L.  1 imnetica  Lemmermann  (possibly) 


(continued) 


Table  5  .  (continued) 


Species  Jun  8  Jul  13  Aug  1C  Sep  7 

Qsci 1 1 atori a  sp.  Vaucher  ***** 

Phomidium  sp.  Kuetzi  ng  *  *  * 

Soirul ina  subsal sa  Oersted  *  * 

CRYPTOPHYTA 

Cryptophyceae 

Katabl eohari s  oval i s  Skuja  * 

EUGLENOPHYTA 
Col acial es 

Col aci um  sp.  Ehrenberg  * 

Eugl ena  sp.  Ehrenberg  * 


*  Present  in  samp! es. 

**  Very  commonly  observed  in  samples. 

*"**  Primary-structural -component  of  the  "aufwuchs"  community 
(e.g.,  Tolvoothrix  tenuis). 
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Number  of  Algal  Soecies,  by  Division,  in  Lockes  Ranch  Spring,  1980 


Tab! e  7  . 


Di vi sion 

Number  of 

r  Soecies 

June 

July 

August 

September 

Total 

CHLOROPHYTA 

2 

3 

4 

6 

6 

CHRYSOPHYTA 

17 

13 

22 

23 

32 

CYANOPHYTA 

15 

16 

14 

16 

19 

CRY°TOPHYTA 

1 

- 

- 

- 

1 

EUGLENOPHYTA 

1 

• 

- 

1 

2 

Total  number  of  taxa  = 

36 

32 

40 

46 

60 

Shoshone  North  Pond 


Shoshone  North  Pond  was  unique  because  of  the  size  and  dynamics  of 
the  artifical  habitat.  The  surface  of  the  pond  was  covered  with  a 
crustose  mat  of  rotting  algae  during  the  June  sampling.  However,  during 
July  and  August,  approximately  one  square  meter  of  the  habitat  was  open 
water.  In  September,  the  floating  portion  of  the  algal  mat  was  absent 
upon  arrival,  but  had  reestablished  itself  by  the  time  the  field  party 
left.  This  phenomenon  was  due  to  reduced  incident  radiation  (cloud  cover) 
and  physical  disruption  (rain)  in  the  days  preceding  the  samplina  period. 
During  the  sampling  period,  incident  radiation  increased,  resulting  in 
increased  primary  productivity  of  the  algae.  The  result  was  floatation  of 
submerged  algae  by  oxygen  buobles,  as  well  as  rapid  growth,  which  led  to 
the  reestablishment  of  a  floating  algal  mat  in  the  pond.  In  total,  the 
pond  had  more  algal  species  diversity  than  any  of  the  other  study 
hab i tats . 


In  this  habitat,  the  primary  structural  component  was  So i roqyra 
crassa.  It  was  extremely  abundant  and  formed  the  floating  surface  mat. 
So i roqyra  floats  to  the  surface  and  accumulates,  as  excess  oxygen  produced 
during  photosynthesis  gets  trapped  in  the  filaments.  Once  at  the  surface, 
direct  sunlight  kills  the  cells,  wnere  they  begin  to  rot.  Beneath  this 
layer,  the  So i roqyra  filaments  are  healthy  and  abundant.  They  hang  from 
the  underside  of  the  floating  mat  in  long  streamers  that  reach  the  bottom 
of  the  pond.  In  effect,  the  So i roqyra  formed  a  floating, 
three-dimensional  curtain  occupying  much  of  the  water  body.  Within  this 
structure,  many  other  organisms  lived.  Due  to  the  nature  of  the  So i roqyra 
Structure,  the  pond  did  not  have  a  "typical"  phytoplankton  community. 
Since  all  of  the  algae  were  growing  on  or  intermingled  with  other  algae, 
it  can  be  descibed  as  tychcpl ankton ic. 


Among  the  filamentous  green  alaae  (  includinq  Mouaeotia,  Zvnnema,  and 
Qedoqon i urn,  as  well  as  So i roqyra  )  other  algal  groups  found  suitable 
niches.  The  diatoms  (23  species)  were  mostly  attached  to  the  filamentous 
forms.  Twenty-two  motile  species  from  five  algal  divisions,  19  species  of 
Ch lorococcal es  and  9  desmid  species,  lived  within  the  filamentous 
structure.  Except  for  Gomphosohaer i a  apon i na  v.  Cord i form i s ,  and 
Osci l I ator i a  so.,  which  were  common,  the  blue-green  algae  (  Cyanoohyta  ) 
were  of  minor  importance  in  the  pond.  A  total  of  99  species  of  alaae  were 
identified  in  the  habitat.  A  complete  species  list  is  presented  in  Table 
8  and  a  summary  of  taxa  by  division  in  Table  9  . 


Within  Shoshone  North  Pond,  several  of  the  major  genera  in  the  motile 
"  Volvocine  Line  "  were  found.  The  "  Volvocine  Line  "  refers  *o  a 
systematically  increasing  complexity  in  the  colonial  structure  of  a  class 
of  green  algae,  the  Volvocales.  Ch I amydomonas ,  the  most  primitive 
evol ut i onary  line,  is  s i ng l e-ce i l ed .  3andcr i na  usually  has  16  cells,  and 
Eudor i na  has  up  to  64  cells.  These  genera  were  present  in  the  north  pend. 
The  last  and  largest  member  of  the  "  Volvocine  Line  "  is  Vo  l  vex  wi+h  up  to 
50,000  cells  in  each  colony.  Vo l vox  was  not  *ound  in  the  north  pond,  but 
was  a  major  component  of  the  planxton  tnree  meters  3way  in  +he  midd'e 


"able  3.  Algae  of  the  "Aufwuchs"  Community  in  Shoshone  North  Pond,  1980 
(includes  species  found  in  the  phytoplankton  samples). 


Species 


Jun  10  Jul  15  Aug  11  Sep  8 


CHLOROPHfTA 
Cl adophorales 

r 

|  Phizocloniurn  hieroal yohicum  (Ag.)  Kuetzing 

Chi orococcal es 

Ankl strodesmus  *alcatus  (Corda)  Ralfs 

A.  so-1  '-a!  i  s  (Turner)  Lemmermann 

Coel astrum  cambr-i  cum 

v.  i  nte'-medi  urn  (Bohl.)  G.S.  West 

1 .  microoo^um  Naegel i 

C.  sohae^icum  Naegel i 

Ki rchneri el  1  a  sp.  Schmidle  (possibly) 

Oocysti s  sp.  Naegel i 

Pedi astrum  anguTosum  (Ehr.)  Meneghini 

boryanum  (Turp.)  Meneghini 

P .  dupl ex  Meyen 

Scenedesmus  abundans  (Kirch.)  Chodat 
S_.  arcuatus  Lemmermann 
S.  bijuqa  (Turp.)  Lagerheim 

v.  al ternans  (Reinsch)  Hansgirg 

S.  denticul atus  Lagerheim 
Tetraedron  minimum  (A.  Braun)  Hansgirg 

v.  scrobicul  atum  Lagerheim 

T.  pentaedricum  West  a  West 


★ 


★  ★  ★ 


♦ 


★ 


★ 


♦ 


★ 


■* 


★ 


★ 


* 


★ 


★ 


★ 


★ 


★ 


* 


(conti nuedl 


Table  3.  (continued) 


Species 


Jun  10  Jul  15  Aug  11  Sep  3 


T_.  triqonum 

v.  papi 1 1 i ferum  (Schroed.)  Lemmer.  ex.  3run. 

Oedogoniales 

Oedoqoni um  spp.  Link 


Tetrasporal es 


G1 oeocysti s  sp.  Naegel i 
G.  amp! a  (Kuetz.)  Laaerheim 

Ul otrichal es 

Cy 1 i ndrocaosa  so.  Reinsch  (possibly) 

Vol vocal es 


Chi amydomonas  so.  Ehrenberg  * 

Eudorina  el egans  Ehrenberg 

°andori na  ^norum  (Muell.)  3ory  * 

Sohaerell oosi s  fluviatilis  (Stein)  Pascher  * 

Zygnaematal es 

Cl osteri um  so.  Nitzsch  * 

Cosmarium  spo.  Corda 

C.  intermedium  Oelp  (possibly)  * 

C.  1 aeve  Rabenh  * 

C.  rectanqul ar 

v.  hexagonium  (Elfv.)  West  5  West  (probably)* 
Oesmidium  so.  Agardh  (possibly) 

Mouqeotia  sp.  Agardh 
Spirooyra  spp.  Link 


★ 


*  ★ 


★ 


★  * 

♦  * 

♦ 

★  ★  ★ 


it  * 

♦  * 

★  * 


*  ★ 

★ 

*  * 

♦  * 


(conti nued) 
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’able  8 .  (continued) 


Iftfl 


1 


i 


Species 


S.  crassa  Kuetzing 

Staurastrum  spp.  Meyen 

S.  al ternans  Breb. 

S.  manfeldtii  Delp. 
v.  (unknown ) 

HI  othri x  sp.  Kuetzing 

Zygnema  sp.  Agardh 


CHRYSOPHYTA 
Central es 


Melosira  granul  ata  (Ehr.)  Ralfs 
M.  vari ans  Agardh 


Chromul i na  sp.  Cienkowski 


Chromul  inales 


Mi  schococcales 


Peroniella  sp.  Gobi  (possibly) 
Chrysamoeba  sp.  Kelbs 


Kephyrion  sp.  Pascher 


Mai  1 omonas  sp.  Perty 
Ochromonas  sp.  Wystozki 


Ochromonadal es 


Pennal es 


Achnanthes  sp.  Bory 
A.  1  anceolata  (Breb.)  Grun 
v.  dubia  Grun. 

A.  minutissima  Kuetzing 


Jun  10  Jul  15  Aug  11  Sep  8 


***  ***  *** 
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(conti nued) 
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Tab  1 e  3.  (continued) 


Species 

Jun  10  Jul  15  Aug  11  Sep  8 

Amphora  oerousilla  (Grun.)  Grun. 

* 

★ 

* 

Cymbella  so.  Aqardh 

★ 

★ 

k 

C.  minuta  (Hilseex)  Rabh. 

★ 

*★ 

* 

• 

• 

Oenticula  eleoans  Kuetz. 

* 

★ 

★ 

Epithemia  sorex  Kuetz. 

♦ 

★ 

k 

E.  turqida 

v.  westemannii  (Ehr.)  Grjn. 

★ 

★ 

* 

• 

• 

Fraqiiaria  sp.  Lynqbye 

k 

F.  brevistriata 

v.  inflata  (Pant.)  Must. 

* 

* 

kk 

• 

• 

F.  crotonensis  Kitton 

k 

★ 

Gomohonena  truncatum  Ehr. 

★ 

♦ 

★ 

a 

Navicula  spp.  3ory 

♦ 

♦ 

k 

• 

• 

N.  accomoda  Hust.  (probably) 

N.  radiosa  Kuetz. 

★ 

★ 

k 

> 

• 

Nitzschia  amonibia  Grun. 

★ 

★ 

k 

• 

• 

Rhopalodia  aibba  (Ehr.)  0.  Muel 1 . 

★ 

♦ 

★ 

k 

Svnedra  sp.  Ehrenberg 

♦ 

* 

k 

S.  ulna  (Nitz.)  Ehr. 

★ 

♦ 

★ 

k 

• 

• 

CYANOPHYTA 
Chroococcal es 

Aohanocaosa  sp.  'iaegel  i 

* 

♦ 

★ 

k 

i 

• 

Aphanothece  staanina  (Sprenq.)  3raun 

★ 

k 

• 

Chroococcus  minutus  (Kuetz.)  Naeqli 

* 

k 

(conti nue 

-i  '■ 

• 
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Table  3. 


(conti nued) 


Species 

Jun  10  Jul  15 

Aug  ‘ 

Gomohosphaen  a  aDonina 

v.  cordifonnis  vlolle 

Merismooedia  alauca  (Ehr.)  Naeqel i 

★ 

* 

Nostocal es 

Anaoaena  sp.  Bory 

★ 

* 

Oscil  1  atonal  es 

Lvnaova  so.  Aqardh 

★ 

it 

w.  aestuarii  (Mert.)  Liebmann  (probably! 

it 

L.  limnetica  Lemmermann  (poss’bly) 

★ 

L.  martensiana  meneqhini 

★ 

L.  nordqaardii  Wille 

★ 

Oscillatoria  so.  Vaucher 

★  * 

★ 

0.  sancta  (Kuetz.)  Gomont  (probably) 

★ 

0.  amoena  (kuetz.)  Gomont 

★ 

* 

3hormidium  sp.  Kuetzi nq 

* 

CRYPTOPHYTA 

Cryptophyceae 

C-votomonas  e-osa  Eb’-enberq 

★ 

★ 

Cyathomonas  truncata  c,*om. 

★ 

Katabl  eoban  s  oblonqa 

★ 

★ 

5rotochrysi S  sc.  Pascber 

★ 

-hodomonas  mi  not  a 

v.  nannool anctica  Skuja 

★ 

3D  1 6  3  •  (continued  ) 


Soeci es 

Jun  10 

Jul  15 

Aug  11 

Seo  3 

EUGLEN0PHY7A 
Eugl enal as 

Euglena  spD.  Ehrenberq 

★  ★ 

** 

* 

■-'enoidium  oellucidum  Perty 

★ 

Hr* 

♦ 

★ 

3hacus  so.  Dujardin 

PYRRH0PHY7 A 

3i nokontae 

* 

jvtnodi n ’ urn  so.  Ste'n 

Hr 

* 

* 

X 

3er'c;nium  so.  Ehre.nberq 

Hr 

3 .  i nconsoi cuum  Lemmermann 

x 

X 

Yi  seel  1  aneous 

Bade  so.  Ehrenberq 

Hr 

^hvl  1  omi  bus  am  col  a t  j s 

T- 

*  ^esent  ;  n  samel  es. 

**  Very  commonly  observed  ■ 

: n  samol es. 

^r-mary-structur al -ccmoonent  0"  the  "aufwuchs'  community 
(e.q.,  Soi^ocvra  crassa). 


pond.  Its  absence  from  the  north  pond  was  probably  due  to  grazing  by 
fish.  The  Vo i vox  co I  on i es  are  large  and  should  be  spotted  easily  by  the 
fish.  The  absence  of  fish  in  the  middle  pond  may  explain  its  abundance 
there.  The  algal  community  in  the  pond  was  very  complex  and  typical  of  a 
highly  nutr i ent-enr i cned  shallow  lake  or  pond. 


Outflow  of  Ash  Sprinc 


The  outflow  of  Ash  Spring  has  the  highest  flow  rate  of  the  habitats 
studied.  The  spring  head  is  distant  from  the  study  habitat,  relative  to 
the  spring  heads  at  “reston  3ig  Spring  and  Lockes  Ranch  Spring.  The  water 
passes  through  agricultural  areas  and  is  used  for  irrigation  before  it 
reaches  the  study  area.  These  activities  add  considerably  to  the  nutrient 
load  of  the  water  and  affect  the  quantity  and  quality  of  the  algal 
commun i ty . 


A  complete  list  of  the  algal  species  identified  from  the  outflow  of 
Ash  Spring  is  given  in  Table  10  .  A  wide  variety  of  species  (68)  were 
found  representing  six  algal  divisions  (  Table  11  ). 

Chara  zev l an i ca  (  Chlorophyta  ),  Comosopooon  coeru l eus 
(  Rhoaopnyta  },  and  So i roqyra  so.  (  Chlorophyta  )  formed  the  primary 
structural  components  within  the  algal  community  of  this  habitat.  The 
Chara  was  "rooted"  in  seme  of  the  muddy  bottom  areas.  The  Ccmpsoooaon  was 
usually  attached  to  twigs  and  branches  in  the  water,  but  it  also  formed 
extensive  growths  on  the  macrophyte  Na  j as  mar i na ,  which  provided  a  secure 
anchor  in  the  muddy  bottom  areas.  So i roqyra  developed  massive  growths 
over  all  areas  with  enough  undergrowth  of  Chara ,  Na  jas ,  Rptamogeton ,  or 
Ccmosopoccn  to  keeo  it  from  being  carried  away  in  the  current.  The 
oackwater  and  shallow  side  areas  were  always  dominated  by  suspended  and 
floating  mats  of  So i roqyra  .  Reproductive  structures  adeauate  for  orooer 
species  identification  of  several  important  algae,  especially  So i roqyra  , 
were  not  found. 

A I  thougn  Chara  was  first  observed  in  July  near  the  75  mete'-  transect 
in  a  shallow  area  wi^h  extensive  silt  deposition,  it  was  probably  present 
in  June  as  well,  but  was  completely  hidden  by  So i roqyra  growing  above  it. 
After  an  extended  searen  of  the  area,  no  reproductive  material  could  be 
found,  probably  because  of  the  apparent  cropping  of  the  new  growth  regions 
of  the  Chara  by  animals. 

'4csr  of  *he  alga1  species  diversity  In  the  outflow  of  Ash  Spring  was 
due  *o  diatoms  (37  species).  They  were  mostly  epiphytic  growths  on  the 
substrates  at  nano.  Ccmoscocccn  and  Chara  were  particularly  excellent 
substrates.  T-'e  *iacei  area  organisms  Eug  I  enophytes ,  ?andcr  i  na , 

Ma  i  I  omcnas ,  and  -re  Cryproonytes  ,  grew  within  the  Sp  i  rcqyr3  population  ;n 
the  quieter  waters.  ~he  -emaining  species  were  epiphytic  or 
tychoo I anktpn i c  and  grow'-c  within  tie  structure  of  the  ma  'or  forms. 


•  • 


•  • 


•  • 
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Table  10.  Algae  of  the  "Aufwuchs"  Community  in  the  outflow  of  Ash  Spring, 
1930  (includes  species  found  in  the  phytoplankton  samples). 


Species 


Jun  15  Jul  15  Aug  12  Sep  9 


CHL0R0PHYTA 
Charal es 

Ohara  zevlanica  K1 .  ex  Will  denow 

Cl adophoral es 

Rhizoclonium  hieroalyphicum  (Ag.)  Kuetzing 

Chaetophoral es 


Apnanochaete  ’"eoens  Braun 

Chi  orococcal es 


Characi urn  sp.  Braun 

C.  ambi guum  Herman 

Coelastrum  sphaericum  Nagel i 

Tetraedron  minimum 

v.  scrooicul atum 

Oedogoniales 


Oedoaoni um  sp.  Link 


Vol vocal es 


pandori na  monjm  Bory 


Zygnematales 


Cl osterj um  sp.  Nitzsch 
Cosmari um  sp.  Corda 
Mougeoti a  sp.  Agardh 
Soi roavra  sp.  Link 
Zvgnema  sp.  Agardh 


* 


•* 


★ 


★ 


* 


* 


★ 


★ 


★ 


★ 


★ 


★ 


★ 


★ 


★ 


* 


★ 


* 


★ 

★  ★ 

** 


(continued! 
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Table  10  .  (continued 


Species 


Jun  15  Jul  15  Aug  12  Se 


EUGLENOPHYTA 
Eugl enal es 


Euglena  sp.  Ehrenberg 
Menoidi um  pel  1 ucidum  Perty 
Notosol enus  sp.  Stokes 
Phacus  sp.  Dujardin 


CHRYSOPHYTA 
Central es 


3i  ddul ohi a  1 aevi s  Ehrenberg 
Cyclotella  meneghiniana  Kuetzing 


Mai  1 omonas  sp.  Perty 


Ochromonadal es 


Pennal es 


Acnnanthes  axioua  Grun.  (variety  unknown) 

A.  lanceolata  (3reb.)  Grun. 

A.  mi nuti  ssima  Kuetzing 

Amonora  veneta  Kuetzing 

Anomoeonei s  so.  Pfitzer 

Cocconei s  pi acentul a 

v.  lineata  (Enr.)  V.H. 

Cymbel  1  a  microcaohal  a 
v.  crassa  Reimer 

C.  tumi da  (Breb.  ex  Kuetz.)  V.H. 

C_.  tumidul  a  Grun.  ex  A.S. 

Oenticula  so.  Kuetzina 


(conti nued) 


Tab! e  10  .  (cont i nued) 


Species 

Jun  15  Jul  15  Aug  12  Sep  9 

Eunotia  pectinalis  (0.  Muel 1 . )  Rabh. 

★ 

* 

★ 

♦ 

Fraqilaria  sp.  Lynqbye 

★ 

* 

Gomohonema  sp.  Aqardh 

★ 

★ 

★ 

★ 

G.  affine  kuetzinq 

* 

G.  anaustatum  (Kuetz.)  Rabh. 

★ 

★ 

★ 

★ 

G.  oarvulum  Kuetzinq 

icir 

** 

irk 

G.  truncatum  Ehrenberq 

«■ 

Gyrosiqma  sp.  Hassall 

it 

* 

G.  acuminatum  (Kuetz.)  Rabh. 

+ 

Navicula  sp.  Bory 

* 

★ 

★ 

★ 

N.  cincta  (Ehr. )  Ralfs 

★ 

★ 

★ 

★ 

Nitzschia  sp.  Hassall 

★ 

* 

★ 

N.  amphibia  Grun. 

★ 

★ 

★ 

* 

Ooeohora  sp.  Petit  (possibly) 

★ 

Pinnularia  sp.  Ehrenberq 

★ 

★ 

★ 

Rhoicosohenia  curvata  (Kuetz.)  Grun.  ex  Rabh. 

★  ★ 

•kit 

* 

★ 

Rhooalodia  aibba  (Ehr.)  0.  Mueller 

★  ★ 

★ 

★ 

Surirella  anqustata  Kuetzinq 

★ 

★ 

★ 

S.  oval  is  Breb. 

* 

* 

Synedra  sp.  Ehrenberq 

* 

★ 

* 

★ 

S.  acti nastroides  Lemmermann  (probably) 

*-* 

★★ 

★★ 

S.  acus  Kuetzinq 

* 

★ 

★ 

★ 

S.  ulna  (Nitz.)  Ehrenberq 

★ 

★ 

*★ 

★ 

Terpsinoe  americana  (Bailey)  Ralfs 

★ 

* 

* 

*• 
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(continued) 


Table  IQ.  (continued) 


Species 


CYANOPHYTA 
Nostocal es 


Anabaena  sp.  Bory 

Cal othrix  sp.  Agardh 

Raph idioosi s  sp.  Fritsch  S  Rich 

Oscill atorial es 

Lynobya  so.  Agardh 

L.  nordqaardi i  Wi 1 1 e 

0 sc i 1 1 atoria  so.  Vaucher 

0.  lacustris  (Kleb.)  Geitler 

Plectonema  wollei  Farlow  (probably) 

CRYPTOPHYTA 

Cryptophyceae 

Chroomonas  acuta 
Cryotomonas  so.  Ehrenberg 
C.  erosa  Ehrenberg 
Katabl eohari s  obi onga 

RH0D0PHYTA 
8angial es 

Compsopogon  coeruleus  (Balbis)  Montagne 


Mi  seel  1 aneous 


3odo  so.  Ehrenberg 


Jun  15  Jul  15  Aug  12  Sep 


*  Present  in  sampl es. 

**  Very  commonly  observed  in  samples. 

*■* **  Primary  structural  component  of  the  "aufwuchs"  community 
(e.g.,  Chara  zeylanica). 
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Di vi sion 

Number  of 

Species 

June 

July 

August 

September 

Total 

CHLOROPHYTA 

2 

12 

9 

9 

14 

CHRYSOPHYTA 

31 

25 

24 

30 

37 

CYANOPHYTA 

2 

4 

3 

5 

7 

CRYPTOPHYTA 

2 

2 

- 

- 

4 

E'JGLENOPHYTA 

1 

3 

1 

1 

4 

RH0DOPHYTA 

1 

1 

1 

1 

1 

MISCELLANEOUS 

1 

i 

. 

_ 

1 

Total  number  of  taxa  = 

40 

48 

38 

46 

68 

» 


> 


» 


PHYTOPLANKTON 


Preston  3iq  Sorinq 


Algal  data  for  plankton  samples  collected  from  Preston  3ig  Soring  in 
June  and  July  are  presented  in  Taole  12.  Phytoplankton  samples  were  not 
collected  in  August  and  Seo+ember.  Twenty-nine  taxa  from  five  algal 
divisions  were  enumerated  (  Table  13  ).  Total  cell  concentrations  were 
very  low  in  all  samo I es  from  June  and  July  ,  ranging  from  10.6  to  251.1 
cells  per  ml  (  Table  12  1.  The  variability  in  cell  concentrat i ons  between 
replicates,  especially  in  July,  (  Table  12  )  reflects  the  random  input  of 
periphyton  into  the  moving  water  and  the  difficulty  in  accurately 
estimating  such  low  cell  concentrations. 


In  June,  non-descript  cocco i d-green  cells  and  monads  (small 
flagellates)  were  the  numerical  dominants  in  the  samples  (  Table  12  ).  In 
July,  particularly  at  the  20  m  transect,  Qsc i I  I ator i a  (a  filamentous 
blue-green)  was  more  important  in  terms  of  cell  numbers.  This  is  somewhat 
misleading  because  only  3  filaments  per  ml  were  counted  and  each  filament 
nad  aoout  75  cells.  When  the  mean  number  of  algal  units  encountered  are 
compared  (  Table  14),  there  is  little  difference  between  June  and  July 
samo i es . 


All  species  found  in  the  phytoo I ankton  samples  of  this  spring  are 
mempers  of  the  "aufwuchs"  community.  Their  occurrence  in  the  plankton  is 
due  to  wasnout  from  the  periphyton  community.  The  "plankton"  contribution 
to  the  algal  biomass  of  the  entire  habitat  is  extremely  small.  The  effect 
of  massive  periphyton  washouts  due  to  major  disruptions  (animals  and  man) 
would  be  quickly  removed,  as  the  material  is  carried  out  of  the  study 
habitat  by  the  flow. 


Lockes  Panch  Sorinq 


Algal  data  from  plankton  samoles  collected  from  Lockes  Panch  Spring 
in  June  and  July  are  presented  in  Table  15.  Phytoplankton  samples  were 
not  collected  in  August  and  September.  Twenty  taxa  from  five  algal 
divisions  were  enumerated  (  Table  16  ).  In  June,  the  total  cell 
concentrations  were  very  low  and,  as  in  Preston  3ig  Spring,  highly 
variable  between  replicates.  In  July,  the  total  cel!  concentrations  were 
similarly  variable  but  about  10  times  higher  than  in  June  .  The 
difference  was  due  to  the  occurrence  of  Qsc i I  I ator i a  and  Anabaena 
filaments  in  the  July  samples.  These  taxa  had  numerous  cells  in  each 
‘ilamen*.  An  examination  of  the  mean  number  of  alga!  particles  or  units 
per  ml  (  Table  M  )  shows  much  less  difference  between  the  June  and  July 
samples.  It  follows  that  larger  cell  numbers  do  not  necessarily  increase 
the  number  of  food  particles  in  the  water. 

Diatoms  and  filamentous  b I ue-qreen  algae  accounted  for  about  one-half 
of  the  taxa  encountered  in  June  and  July.  This  is  reasonable  given  the 
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Table  13.  Number  of  "Phytoplankton"  Species  by  Taxonomic  Group  Found  in 
°reston  3 i g  Spring,  1980. 


Number  of  Species 

Taxon  June  July  Total 


CHL0R0PHYTA 

CHRYSOPHYTA 

CYANOPHYTA 

CRYPTOPHYTA 

EUGIENOPHYTA 

MISCELLANEOUS 


2  2  3 

9  12  16 

1  4  5 

1  2  2 

0  1  1 

2  1  2 


Total  number  of  taxa  =  15 


22 


29 


TABLE  14.  Mean  phytoplankton  cells  per  milliliter  and  algal  units  per  milli 
liter  by  habitat  and  date  (values  rounded  to  nearest  whole  number). 


June  Jul v 


Habitat 

Cel  i s/ml 

Algal  units/ml 

Cel  1  s/ml 

Algal  uni' 

Preston  Big  So. 

18 

17 

105 

37 

Lockes  Ranch  Sp. 

26 

16 

361 

33 

N.  Shoshone  Pond 

3386 

418 

2101 

190 

Ash  So. 


27 


27 


79 


32 


Table  15.  Phytoplankton  Concentration  at  Lockes  Ranch  Spring  In  cells/nil. 
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Table  15.  Number  of  "Phytoplankton"  Species  by  Taxonomic  Group  Found  in 
Lockes  Ranch  Soring,  1980. 


Number 

of 

Soecies 

T  axon 

June 

Jul  y 

Total 

CHLORQPHYTA 

1 

1 

2 

CHRYS0PHY7A 

4 

3 

7 

CYANOPH^i 

5 

4 

5 

yo'r  gpy  v- >. 

1 

0 

1 

EJGLENCPH'~i 

1 

0 

l 

MISCELlANE'/JS 

4 

1 

4 

Total  number  of  taxa  =  16 

9 

20 

importance  of  these  two  groups  in  the  "aufwuchs"  community  of  Lockes  Ranch 
Spring  (  Tables  6-7  ).  The  remaining  taxa  appear  to  be  random  occurrences 
of  the  various  species  living  in  the  aufwuchs  community. 


Shoshone  North  Pond 


As  discussed  in  the  "aufwuchs"  section,  Shoshone  North  Pond  had  a 
very  different  type  of  dynamic  system  when  compared  to  the  other  habitats 
studied.  Many  alga!  species  (98)  were  found  living  among  the  Sp i roqyra 
filaments.  Except  in  September,  there  was  essentially  no  open  water  and 
therefore,  no  strictly  planktonic  community.  It  could  best  be  called 
tychop l ank ton i c,  as  would  be  found  in  the  littoral  region  of  a  shallow 
eutrophic  lake  or  pond.  The  plankton  samples  were  collected  by  gently 
parting  tne  surface  mat  and  sampling  the  resulting  open  water.  The 
Septemoer  samples  were  collected  before  the  mat  reformed.  Phytoplankton 
cata  for  Shoshone  North  Pond  are  given  in  Tables  17  and  18.  Eighty  taxa 
f^om  5  alaal  divisions  were  enumerated  during  the  four  month  study  (  Table 
19). 


Considerable  variation  occurred  in  cell  counts  between  replicate 
samples  on  a  I  I  sampling  dates  (  Tables  17  and  18  ).  This  is  most  likely 
due  tc  the  uniaue  alga!  structure  of  the  pond  and  the  disturbance  to  the 
mar  during  sampling.  Another  artifact  of  the  sampling  technique  is  that 
So '  ~ogv*a  crassa  ,  the  alga  responsible  for  most  of  the  biomass  in  the 
pend,  was  practically  excluded  from  the  samples,  especially  in  July  and 
Augus*,  wnen  some  open  water  was  available.  The  September  sample  was 
closes*  *o  being  a  true  plankton  sample  because  the  Sp i roqyra  was  on  the 
DO*~om.  Thus,  sampling  for  phytoplankton  in  this  hap i mar  is  inappropriate 
as  one  as  the  mat  formation  is  a  dominant  structure. 

~ne  mean  algal  concentration  of  the  four  replicate  samples  taken  in 
June  was  3336  cells  per  ml.  The  high  cell  count  was  largely  due  to 
Aphanpcapsa ,  a  colonial  blue-green  alga.  The  colonies  were  not  abundan* 
and  *nev  occurred  in  only  one  repl  ica+e  in  July,  but  the  number  of  cel  is 
was  high  (4146  cells  per  ml),  thereby  having  a  great  influence  on  the  mean 
value.  If  the  total  number  of  algal  units  are  compared  to  the  cell  count 
(415  and  3386,  respectively,  Table  14)  a  dramatic  difference  can  be  seen. 
In  July  and  August  a  similar  situation  was  found.  In  situations  like 
this,  whe-e  large  numbers  of  cells  are  concentrated  in  one  unit,  chance 
encounters  of  the  food  item  by  herbivores  is  lessened.  The  shape  and  size 
of  colonial  and  filamentous  algae  often  make  them  difficult  for  herbivores 
to  eat.  Relatively  few  large  colonial  and  filamentous  algae  were  in  *he 
September  samples.  They  mav  have  been  carried  to  the  bottom  with  *he 
Sp i roqyra . 

~he  algal  commun'*:es  were  similiar  tnrouahout  *he  studv. 

age  listed  species  f-om  most  majo*  croups  were  common.  Euo i ena , 
^enp i d i urn ,  and  °andorina  wem  especial iv  prominent  in  mos*  o 1  the  sampes. 
Ten  species  from  me  o-der  Ch I orococca i es  were  presen*  in  high  numbers 
dun  mg  *he  study.  9o*n  me  *'ageila*es  and  *he  Sh  l  orococca  I  es  a*e 
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table  l  /  Phytoplankton  Concentration  at  Shoshone  North  Pond  in  June  and  July  cells/ml. 
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Table  17  (continued) 
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Table  in.  Phytoplankton  Concentration  at  Shoshone  North  Pond  in  August  and  September  (cells/ml). 
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September  8,  1980 


’’able  19.  Number  of  "°hytop1  ankton"  Species  by  Taxonomic  Group  Found  in 
Shoshone  North  Pond,  1980. 


Number  of  Species 


T  axon 

June 

Jul  y 

August 

September 

Total 

CHLOROPHYTA 

16 

18 

25 

16 

36 

CHRYSOPHYTA 

12 

12 

11 

7 

20 

CYANOPHYTA 

4 

4 

4 

3 

9 

CRYPTOPHYTA 

2 

1 

4 

2 

4 

EUGLENOPHYTA 

2 

2 

2 

3 

3 

PYRROPHYTA 

1 

1 

2 

3 

3 

MISCELLANEOUS 

4 

3 

3 

4 

5 

Total  number  of  taxa  = 


41 


39 


51 


38 


80 


commonly  found  in  the  plankton  and  littoral  region  of  large  lakes  and 

ponds.  They  usually  attain  high  concentrations  only  under  eutrophic 

conditions,  i.e.,  high  nutrient  concentrations.  Several  desmids  and 

filamentous  members  of  the  Zygnematales  mere  we  I I  established  in  the  pond. 

A  high  diversity  of  diatom  species  was  present,  hut  they  were  generally  in 

low  concentrations.  This  was  possibly  due  to  their  epiphytic  nature  and  •  i 

the  general  exclusion  of  filamentous  taxa  from  the  sample,  in  addition  to 
Apnanocapsa,  other  blue-green  algae  were  important  in  the  samples;  Lynqbva 
in  June,  Qsc i I  I ator i a  in  July,  August,  and  September. 

The  algal  mat  which  dominated  the  pond  during  the  summer  should  break  ^  ( 

down  in  the  fall  (the  process  had  already  begun  in  August)  and  as  the 

water  opens  up,  a  phytoplankton  community  may  develco.  A  much  higher 
percentage  of  the  Sp i rogyra  crassa  cells  from  the  September  aufwuchs 
sample  had  formed  zygospores.  This  reflects  the  cooler  fait  weather, 
shorter  days,  and  the  decline  of  the  vegetative  filaments. 

•  4 

Outflow  Of  Ash  Sorinci 


Algal  data  for  plankton  samples  collected  from  the  outflow  of  Ash 
Spring  in  June  and  July  are  given  in  Table  20.  Phytoplankton  samples  were 
not  collected  in  August  and  September.  Forty  taxa  from  six  algai 
divisions  were  enumerated  (  Table  21).  Even  though  algal  diversity  was 
fairly  high  in  these  samples,  cell  concentrations  were  very  low  (27  and  79 
cells  per  ml  for  June  and  July  ,  respectively  (  Table  14  )).  The  pair  of 
higher  cell  concentrations  for  Qsc i I  1 ator i a  in  July  (rep.  No.  2=137, 
rep.  No.  4=43.3)  were  again  due  to  the  filamentous  nature  of  the 
organism  (  Table  20  ) .  A  comparison  of  mean  algal  units  per  ml  between 
June  and  July  (27  and  32,  respectively)  confirm  this  relationship  (  Table 
14  ) . 


•  4 


4 


'4uch  of  the  diversity  in  the  samples  was  due  to  pennate  diatoms  (30 
to  50  percent).  In  July  this  was  less  so,  with  Chloroohy+a,  Eugl enoonyta, 
Cyanophyta,  and  Cryptconyta  conrr i bu- i ng  -hree  or  four  species  each 
(  Table  21  ). 


As  with  Preston  3ig  Soring  and  Lockes  Panch  Soring  the 
"phytoplankton''  were  derived  frcm  -he  "aufwuchs"  community  and  accounted  _ 

for  a  minor  portion  of  tne  algal  bicmass  in  ■‘■he  habitat.  They  similarlv  •  4 

had  a  minor  role  in  the  ecology  of  the  habits-. 


•  4 


•  4 
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•  4 


Phytoplankton  Concentration  at  the  outflow  of  Ash  Spring  in  cel  1 s /ml . 
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Total  number  of  cells/ml=  22.4  19.96  26.9  37.76  23.9  175.32  40.09  70.6 


’’able  21.  Number  of  "Phytoplankton"  Species  by  Taxonomic  Group  Found  in 
the  outflow  of  Ash  Spring,  1980. 


T  axon 

Number 

June 

of 

July 

Species 

Total 

CHLOROPHYTA 

2 

4 

5 

EUGLENOPHYTA 

1 

3 

4 

CHP.YSOPHYTA 

14 

7 

17 

CYANOPHYTA 

2 

3 

5 

CRYPTOPHYTA 

2 

4 

4 

RHODOPHYTA 

0 

1 

1 

MISCELLANEOUS 

4 

1 

4 

Total  number  of  taxa  =  25 

23 

40 

INVERTEBRATE  COMMUNITIES 


INTRODUCTION 


Information  regarding  the  invertebrate  fauna  inhabiting  the  sorings 
of  Nevada  is  not  abundant.  Most  conspicuous  among  the  literature  are 
works  by  Brues  (1928  and  1932),  Kennedy  (1917),  and  La  Rivers  (1949  and 
1951).  Works  by  these  authors  are  generally  pre-1950'  s  with  little 
emerging  in  the  literature  since  that  time.  A  review  of  the  taxonomic  and 
ecological  literature  reported  for  aquatic  insects  by  Merritt  and  Cummins 
(1978)  supports  this  statement. 


No  comprehensive  information  on  invertebrate  collections  could  be 

found  regarding  the  four  springs  we  studied.  La  Rivers  worked  on 

invertebrates  from  Ash  Soring,  but  was  primarily  interested  in  the 
Naucor i dae  and  particularly  interested  in  areas  near  thermal  headsprings 
(  La  Rivers,  1949;  1951  ).  Brues  collected  i nverteorates  extensively 

throughout  Nevada,  but  also  restricted  his  studies  to  thermal  sorings 
(  Brues,  1923;  1932  ).  Brues  did  report  invertebrate  collections  in  tne 
general  vicinity  of  the  study  springs,  but  the  only  reasonably  comparable 
collections  were  from  Quckwater  (  Brues,  1932  )  which  may  have  some 

faunistic  similarity  to  Lockes  Ranch  Spring.  Preston  Big  Spring  and 

Shoshone  North  Pend  are  generally  10  degrees  C  cooler  than  the  springs 
Brues  investigated.  There  was  no  previous  information  available  regarding 
the  invertebrate  fauna  of  Shoshone  North  Pond.  In  fact,  this  habitat  has 
only  existed  for  aoroximately  10  years.  In  short,  there  is  no  specific 
information  on  invertebrates  available  in  the  literature  for  any  of  the 
study  springs. 

materials  and  methods 


Ai+hough  a  variety  of  "quanti tati ve"  devices  exist  for  samDlina 
invertebrates  in  flowing  waters,  it  has  been  demonstrated  that 
considerable  differences  in  estimates  of  standing  crop  exist  in  data 
generated  using  different  quantitative  devices  (  Kroeger,  1972;  Pollard 
and  Kinney,  1979).  Use  of  a  quantitative  sampling  device  in  a  manner  for 
which  it  was  not  designed  can  also  generate  questionable  results 
(  Chutter,  1972).  Since  the  primary  purpose  of  the  invertebrate  portion 
of  this  study  was  description  of  invertebrate  fauna  and  comparison  of 
their  densities  in  various  habitats,  a  strictly  quantitative  approach  was 
considered  to  be  less  appropriate  than  rigorously  aoolied  standardized 
procedures.  In  addition,  the  springs  we  studied  had  mats  of  emergent 
vegetation  or  filamentous  algae  as  the  dominant  invertebrate  habitat. 
None  of  the  conventional  invertebrate  sampling  devices  are  useful  for 
sampling  this  type  of  habitat.  Amcros  (1980)  has  recently  described  a 
device  which  may  provide  for  standard  samples  of  littoral  vegetation.  It 
may  be  useful  to  evaluate  the  potential  of  this  device  for  future  studies. 

Three  basic  types  of  samoling  devices  were  employed  *c r  collection  of 
i nvertebrates :  an  30  micron  Wisconsin  pi  an  won  ne"*  30  cm  long  with  a  mouth 


-  4 

open i nq  of  11.5  cm;  a  *r i angu I ar  dig  net  74  cm  long  with  a  mouth  opening 
of  20~x  20  x  25  cm;  and  a  standard  6"  x  5"  Eckman  Dredge  .  These  devices 
were  used  in  the  following  standardized  manners. 


3C  MICRON  WISCONSIN  NET 


Tne  plankton  net  was  used  in  flowing  water  systems  (  °reston,  Lockes, 
and  Ash  springs)  as  a  drift  net.  The  net  was  placed  in  the  water 
approximately  10  cm  below  tne  surface  and  handheld  in  place  for  a  period 
of  t i me  estimated  to  allow  a  length  of  at  least  50  meters  to  flow  past  the 
ne*.  At  the  end  of  tne  filtering  time  the  net  was  removed  from  the  water, 
rinsed,  and  samples  transfered  to  collection  bottles.  The  samples  were 
then  fixed  in  5*  formalin  and  the  volumes  adjusted  to  50  ml. 


At  Snosnone  North  Pond  tne  plankton  net  was  used  to  filter  a  three 
liter  w?*er  sample  coMec+ed  with  a  standard  Van  Dorn  bottle  from 
approx i mate  I y  10  cm  below  tne  surxace  in  open  waters.  After  collection, 
-ne  sample  was  concentrated  in  a  plankton  net  which  was  then  rinsed  and 
samples  fixed  as  described  above.  In  addition,  during  the  June  sampling 
round,  c'-aps  of  algal  mat  were  collected  and  washed  into  the  plankton  net. 
Tnese  samples  were  col  leered  with  tne  triangular  dip  ne*  and  transferred 
to  the  p i ankton  net.  During  the  July,  August,  and  September  samp  I i ng 
periods,  2 l cae  samples  were  Quantified  by  carefully  pulling  the  plankton 
ne*  ve**ica; ly  tnrouan  an  aiaae  mat  and  '■emoving  the  excess  algae  from  the 
perimeter  of  *">e  net.  This  method  appeared  to  Trap  a  cylinder  of  water 
ana  a  I  cae  in  a  '■easonap  1  y  quantitative  manner. 


"lANC’JLAR  D'p  NE‘ 


•  • 


Tne  dip  net  was  employed  to  sample  rocky  bottom  areas  in  flowing 
water  and  vegetation  ma*s  in  flowing  and  s+ i I  I  water.  The  sambler  was 
employee  essentially  lixe  a  Surber  or  box  sampler  in  rocky  bottom  areas 
i  Neednam  and  Needham,  1962).  Extensive  effort  was  exbended  to  sample  an 
area  25  x  25  cm  (1/15  of  2  square  meter  1  from  surface  to  boTtom  (important 
to  note  in  vegetation  mats).  In  vegeta* ion  mats  occurring  in  standing 
ware*,  this  me*nod  allowed  for  removal  by  hand  of  a  cube  of  vegetation, 
p , ac i nq  *he  plant  mater iai  directly  in  the  net.  After  the  vegetation  was 
removed  from  the  samplinq  area,  the  ne*  was  swept  throuqh  the  open  water 
to  capture  any  suspended  i nvertebra+es .  All  samples  were  rinsed 
completely  in  a  screen  bottomed  bucket  (  ’J.  S.  Standard  3D  Mesh  )  and  the 
easily  removaoie  vegetation  'insed,  inspected,  and  discarded.  Moilusks 
were  removed  ‘rom  the  samples  by  swi-ling  *ne  sample  in  a  round-bottomed 
con*ainer  and  pouring  off  tne  lignter  debris  and  organisms,  "he  moliuscan 
portion  of  tne  sample  was  either  1 i e I d-processed  or  counted  in  *he 
laboratory  by  Jerry  Landye  with  the  aid  o‘  2  dissecting  micoscope.  The 
rest  of  the  inver*ebrate  sample  was  ei*ne*  f'eid-sorted  in  a  shallow  white 
pan  wn  >  i e  *ne  organ ■ sms  we^e  s*‘ll  alive  or  preserved  in  formal i n , 
-efurned  *0  *ne  :abo*a*o,"y,  dved  wi*n  '•ose  benqai  solution,  and  hand 
sor*ed.  'his  p^ocedu-e  ‘or  so**'nq  mac^o i nvertebr a*es  is  tne  most 
* borough  but  a l sc  tne  mes*  * 1  me  consuming  (  Cummins,  '962  1.  The  qua  I  Tv 


>  • 


»  • 


»  • 


I 
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control  criteria  for  sorting  was  to  sort  until  no  organisms  were  found  in 
2  minutes  of  continuous  examination.  All  samples  sorted  in  the  laboratory 
were  examined  by  a  taxonomist  as  a  further  auality  control  measure. 

A  modification  of  the  standardized  dipping  method  was  used  aT 
Shoshone  North  Pond  in  August  and  September  in  an  attempt  to  adequately 
samo I e  the  shallow  (less  than  10  cm)  areas  of  littoral  vegetation.  The 
dip  net  was  pusned  vigorously  through  a  stand  of  shallow  littoral 
vegetation  over  approximately  24  cm  of  surface  area  four  times.  The 
samples  were  then  processed  as  previously  described. 

ECKMAN  CREDGE  SAMPLES 


Dredge  samoles  were  collected  from  muddy,  ‘locculent,  or  soft-oottom 
habitars  for  which  the  sampler  is  best  suited  (  Cummins,  1962  ).  Samoles 
were  collected  by  hand  and  transferee  directly  to  a  screen-bottomed  bucket 
(  U.S. Standard  30  Mesh  ).  The  sample  was  vigorously  rinsed  until  the  mud 
and  fine  sediments  were  removed  and  tnen  transferred  to  a  one-quart  mason 
jar.  Samoles  were  either  field-sorted  or  processed  in  the  laboratory  as 
described  above. 


COUNTING  PROCEDURES 


All  organisms  removed  from  Eckman  dredge  and  standardized  dip  samoles 
were  identified  at  appropriate  magnification  and  counted.  Data  were 
recorded  on  bench  sheets.  Identifications  were  *o  the  lowest  possible 
taxon  using  standard  taxonomic  references.  Plankton  or  algae  mat  samples 
were  counted  by  removing  sub-samples  from  the  sample  with  a  Stemppie 
Pipette.  The  sub-sample  was  placed  in  a  Sedgewick  Rafter  cell  and  counted 
until  either  100  organisms  had  been  encountered  or  10?  of  the  totai  sample 
volume  had  been  counted.  Because  of  extremely  low  densities  in  the 
plankton  samoles  from  flowing  soring  systems,  these  samples  consistently 
required  that  10?  of  the  sample  volume  be  counted. 


DATA  ANALYSIS  3RCCEDURES 


Invertebrate  da*a  were  compiled  on  bench  sheets  during  identification 
and  enumeration  procedures.  Software  was  developed  for  data  organization 
and  entry  into  computer  storage.  All  life-staaes  'identified  for  taxa  were 
stored  separately.  Additional  software  was  deveooed  for  output 
tabulation  of  raw  data  (  Appendix  C  ),  calculation  and  output  tabulation 
of  basic  statistics  1  Aooendix  0  ),  and  calculation  of  percentage  data 
from  raw  data  (used  in  preparation  of  pie  diagrams).  Diversify  index 
calculations  reouired  that  ail  life-stages  of  a  taxa  be  summed  prior  to 
that  calculation.  Software  was  developed  to  accomplish  this  and  report 
the  necessary  summations  as  "aggregates"  (  Aooendix  D  ).  All  diversity 
index  calculations  were  performed  using  aggregated  data  where  appropriate. 


RESULTS 


The  percentage  of  mollusks,  based  on  numbers  per  square  meter,  was 
over  95*  of  the  total  number  of  invertebrates  in  at  least  one  habitat  in 
all  spring  systems  sampled.  The  actual  percent  composition  by  habitat  of 
various  taxoncmic  groups  collected  are  graphically  presented  in  the  fish 
gut  analysis  section.  There  were  indications  of  seasonal  shifts  in 
species  composition  and/or  age  structure  of  invertebrate  populations 
sampled  in  all  aquatic  ecosystems.  Variability  of  samplina  methods  and 
The  limited  number  of  samples  collected  from  habitats  preclude  extensive 
statistical  treatment  for  most  data. 


The  four  aauatic  ecosystems  examined  exhibited  marked  differences  in 
tneir  invertebrate  fauna.  Preston  Big  Spring  contained  the  most  diverse 
fauna  with  greater  than  40  taxa  being  collected.  Shoshone  North  Pond  also 
contained  a  diverse  fauna,  though  less  diverse  than  Preston  Big  Soring. 
Tne  study  area  in  the  outflow  of  Ash  Spring  was  fairly  poor  in  species 
ricnness  but  had  quite  a  few  species  of  chironomids.  Lockes  Ranch  Spring 
was  auite  poor  in  species  richness  with  generally,  only  one  repr esentat i ve 
for  anv  major  group  (  Table  22  ).  The  taxonomic  organization  presented  in 
Table  22  follows  Edmondson,  1959,  although  current  nomenclature  has  been 
substituted  in  some  cases  (  eg:  Cnidaria  for  Coelenterata  ). 

ZOCPLANKTON 


In  all  the  ‘lowing  springs,  true  planktonic  organisms  were  auite 
sparse  (less  than  1  an i ma I / I i ter ) .  It  was  obvious  from  observations  of 
these  collections  that  the  plankton  of  the  flowing  water  systems  we 
studied  was  virtually  nonexistent.  This  is  further  supported  bv  the  fac‘ 
that  all  organisms  observed  ir  plankton  samples  from  flowing  wa~er  systems 
were  typically  found  in  association  with  littoral  vegeta+ion  (e.o., 
‘hizooods  and  cycloooid  copeoods  ).  Shoshone  Ponds,  on  the  other  hand, 
nave  a  ■‘rue  planktonic  community.  In  the  north  pond,  which  was 
intensively  studied,  the  plankton  community  appeared  +o  be  associated  w;+h 
algal  mats.  A  limited  study  of  the  planktonic  communities  of  ‘he  three 
ponds  was  performed  in  June,  July,  and  September  to  determine  the 
pc~entiai  effect  of  ‘ish  populations  on  plankton  density.  It  was  obvious 
tnaT  tne  center  pond  (no  fish)  had  much  higher  open  water  plankton 
densities  during  June  than  either  the  north  or  sou+h  pond  (  Table  23  ). 
Late  summer  plankton  densities  were  quite  low  (less  than  19  an  '  ma  I  s/ I  i  te1" ) 
in  ail  ponds . 


'Jndoub  +  ed  I  y ,  the  lack  of  a  true  planktonic  community  in  the  north  and 
sou‘h  ponds,  which  are  inhabited  by  fish,  is  a  function  of  fish  predation 
on  ‘he  ! arger  planktonic  forms  (  copepod  adults  and  cladocerans  1. 
Spec i * i c  descriptions  of  invertebrate  communities  associated  with  algal 
mars  and  open  water  in  Shoshone  North  Pond  wi I  I  fol low. 


Taole  22.  -  Inventory  Of  Invertebrate  Taxa  Collected 

p=  Preston  Big  Spring  ,  1=  Lockes  Ranch  Spring 
a=  Outflow  Of  Ash  Spring  ,  s=  Shoshone  North  Pond 


•  * 


•  -  •; 


Spring  Species* 

Common  Name 

• 

• 

ACTIN0P00A 

— s 

act i nopoda  (119) 

protozoans 

RHIZOPOOA 

- s 

unidentifiable  rhizopoda  (125) 

protozoans 

- 

p-as 

d  i  f f 1 ug i dae  (124) 

protozoans 

• 

• 

p-as 

Arcel la  sp.  (121) 

protozoans 

- s 

Arcel 1  a  dentate  (122) 

protozoans 

p-as 

Centrooyxis  aculeata  (120) 

protozoans 

- s 

Centrooyxis  hem i sohaer i ca  (125) 

protozoans 

- S 

Triqonooyxis  arcula  (123) 

protozoans 

• 

• 

C1U0PH0RA 

< 

— a- 

ci  1  iophora  ( 1 27) 

protozoans 

CNIOARIA 

o - 

Chlorohydra  viridissima  (033) 

hydras 

1 

• 

• 

TURBELLAR 1  A 

p - 

turbellaria  (probably  mi croturbel 1 ar i a ) 

(032)  f 1 atworms 

p - 

Ouaes i a  sp .  (031  ) 

f 1 atworms 

NEMAT00A 

p  I  -s 

nematoda  (161) 

round  *orms 

• 

• 

3AS7R0TRICHA 

“S 

gastrotricha  (165) 

gastrotr i chs 

ROT  1 FERA 

— s 

unidentifiable  rotifera  (136) 

rot i f ers 

A 

P--S 

Lecane  sp.'  -  170  microns  (132) 

rot i f ers 

— s 

Lecane  sp.2  -  100  microns  (133) 

rot i f ers 

- s 

Lecane  sp.3  (130) 

rot i f ers 

— s 

Lepadei l a  so . 1  (131) 

rot i f ers 

D - 

Lepadei la  sp.2  (138) 

roti f ers 

p-as 

‘■Apnosty  1  a  SO  .  (134) 

rot i f ers 

— s 

Scaridium  lonaicaudum  (135) 

rot i f ers 

• 

• 

- 5 

Testud i ne l 1  a  so .  (137) 

rot i f ers 

• 

• 
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Table  22. 


( cent . ) 


•  • 


Spring  Species 

Common  Name 

OL 1 30CHAETA 

o  l  as 

oligochaeTa  -  all,  includes  fragments  (141) 

worms 

• 

p-a- 

immature  tub i f i c i d  without  hair  chaete  (146) 

tub i f i c i ds 

0-3- 

immature  tubificid  with  hair  chaete  (151) 

tub i f i c i ds 

D  1  8- 

Limnodrilus  hoffmeisteri  (147) 

tub i f i c i ds 

D - 

Limnodrilus  spiralis  (148) 

tub i f i c i ds 

p-a- 

Tub  if  ex  tup  if ex  (150) 

tub  if i c i d  s 

p-as 

naididae  (142) 

nai  ds 

• 

p - 

Nais  sp.  1  **  (152) 

nai  ds 

p - 

Nais  sp.  2  **  (153) 

nai  ds 

p - 

Nais  sp.  3  **  (154) 

na  i  ds 

p - 

Nais  sp.  4  **  (155) 

nai  ds 

p — 

Nais  simplex  (159) 

na  i  ds 

p - 

3r i st i na  sp .  1  **  (156) 

na  i  ds 

• 

p — 

°r  i st i na  sp .  2  **  (157) 

na  i  ds 

pi  — 

“ristina  aeauiseta  (158) 

nai  ds 

p—s 

P-istina  lonoiseta  levdvi  (143) 

na  i  ds 

HIRUDINEA 

p  —  S 

unidentified  hirudinea  ***  (139) 

i eeches 

• 

CLADOCERA 

- s 

juvenile  cladocera  (116) 

wa+er  f 1 eas 

- s 

A  Iona  rectangu 1  a  (115) 

water  f 1 eas 

- s 

Chvdorus  sphaericus  (117) 

water  fleas 

C0PEP0DA 

ft 

p  1  -s 

cycioooid  copepodite  (111) 

copeoods 

D  1  -S 

copeood  nauplius  (112) 

copepods 

p - 

Eucvc lops  aa i i i s  (113) 

cooepods 

p — S 

VacrocvcloDS  albidus  (114) 

copepods 

OSTRACOOA 

» 

p  1  — 

unidentifiable  ostracoda  (004) 

bean  shrimp 

p  i  a- 

cypridae  **  (003) 

bean  shrimp 

AMPHI PODA 

p  i  — 

Hvalella  azteca  (001) 

scuds 

ft 

C0LLEMB0LA 

9 

- 1  — 

Sminthurides  so.. (189) 

spr i ngta i 1 s 

Tab  I e  22 . 


( cent . ) 


•  • 


Spr i nc 

Soec i es 

Common  Name 

p-as 

EPHEMEROPTERA 

Ca 1 1 i baet is  sp .  ( 027 ) 

mayf 1 i es 

p-a- 

OOONATA 

un i dent i f i ab 1 e  zygopteran  (050; 

damse 1 f l i es 

p  l  as 

immature  coenagr i on i dae  (049) 

damse I f 1 i es 

p  i  as 

Argia  spc.  (042) 

damse 1 f 1 i es 

— s 

Coenaarion  resol utum  **  (047) 

damse 1 f 1 i es 

— s 

1 sebnura  sp.  -  immature  (005) 

damse 1 f 1 i es 

p — s 

immature  aniscoteran  (030) 

dragon f l i es 

p  I  as 

immature  libellulidae  (045) 

draqonf 1 i es 

0  1  — 

Anax  amaz i 1 i  **  (178) 

dragon f 1 i es 

— a- 

Eroetoaomonus  so.  (048) 

dragon  flies 

— s 

Erythemis  sp .  **  (171) 

dragon f i l es 

p - 

Qrthemis  ferruainea  (046) 

dr  agon f 1 i es 

— a- 

Proaomobus  sp.  -  (199) 

dragonf 1 i es 

?  i  -s 

tarnerrum  corruptum  (041  ) 

dragonf 1 i es 

— s 

HEMIPTERA 

immature  be i astemat i dae  (173) 

toe  b i ters 

p  i  — 

Belastoma  flumineum  (105) 

toe  o iters 

- 1  — 

Merraaata  heoroides  -  adult  (190) 

velvet  waterbuas 

p — 

Hesoerocor i xa  sp  -  adult  (191) 

■«rat er  boatmen 

p  — 

coleoptera 

unidentifiable  coleooteran  larvae  (034) 

beet l es 

- s 

Aqabus  sp.  -  adult  (174) 

beet  1 es 

p — 

Anacaena  sp.  -  larvae  (039) 

beet l es 

— s 

9idessus  affinis  -  adult  (197) 

beet  1 es 

— s 

Cooelatus  so.  -  adult  (188) 

beet l es 

p — 

Deronectes  sp.  -  adult  (180) 

beet i es 

— s 

DerovateMus  so.  -  adult  (175) 

beet i es 

p — 

Enocbrus  so.  -  larvae  (036) 

beet l es 

— s 

Enochrus  so.  -  adult  (181) 

beet i es 

p — 

Hvdrobius  fuse  ices  -  adult  (176) 

beet l es 

— a- 

Hyqrotus  so.  -  adult  (198) 

beet i es 

— s 

Laccoohilus  atr i sterna l i s  (196! 

beet  1 es 

— s 

Laccoohilus  decioiens  -  adult  (134) 

beet l es 

- s 

Laccobius  aq i 1  is  -  adult  (136) 

beet i es 

— a- 

Micrccyl loeous  so.  -  larvae  (122! 

beet i es 

— a- 

M  i  crocv  1  1  oeous  mcaous  f'-axinus  ( 1  79  ) 

beet  1 es 

— s 

Paracvmus  suocuoreus  -  adult  (537) 

beet  1 es 

•  • 


•  • 
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( cent .  ) 


TaD ! e  22 . 


(cont.  ) 


Spr i ng 

Spec i es 

Common  Name 

P  — 

Pel+ody+es  sp.  -  larvae  (035) 

beet  1 es 

o — s 

Peltodvtes  callosus  -  adult  (185) 

beet  1 es 

p - 

RnanTus  sp.  adult  **  (040) 

beet  1 es 

p - 

Tropisternus  sp .  -  larvae  (038) 

beet  1 es 

p - 

Tropiste^nus  elip+icus  -  adult  (037) 

beet  1 es 

- s 

Tropiste'nus  subiaevis  -  adult  (183) 

beet  1 es 

7R 1 CH0PTERA 

p  — 

hydropt i 1 i dae-un i dent i f i ao  1  e  larvae  (011) 

mi crocadd i sf l 

i  es 

p  — 

hydroc* i 1 i dae  -  unidentifiable  pupae  (009) 

mi crocadd i sf 1 

i  es 

p-a- 

nvdroct i 1 i dae  -  adult  (010) 

mi  crocadd i sf 1 

i  es 

p-a- 

Hvdrcptila  sp.  -  larvae  (017) 

mi  crocadd i sf l 

i  es 

p — — — 

Hvoroptila  sp.  -  adult  (019) 

microcaddi sf  l 

i  es 

p - 

Leucotricnia  sp .  -  larvae  (018) 

m i crocadd i sf  l 

i  es 

2 - 

Leucot^icnia  sc.  -  pupae  (021) 

microcaddi s*  1 

i  es 

P - 

beucotr  i  cr.  i  a  sp.  -  adult  (020) 

mi  crocadd i sf  i 

i  es 

— a- 

Nectopsvcbe  sp.  -  larvae  (022) 

cadd isf l i es 

0-2- 

Oxvetnira  so.  -  larvae  (012) 

mi crocadd i sf  1 

i  es 

p — - 

Oxvetnira  sp.  -  pupae  (013) 

microcaddi sf 1 

i  es 

p — 

Oxvetni'-a  sp.  -  adult  (014) 

mi crocadd i sf  1 

i  es 

p-~ 

Stactob i e I ! a  sp.  -  larvae  (015) 

microcadd i sf 1 

i  es 

o — 

Stactobiella  sp.  -  pupae  (016) 

mi crocadd i sf I 

i  es 

LEpi D0PTERA 

p — 

lepidoptera  -  single  specimen  *  (104) 

butt erf  I  i es 

p — 

Cararcvract i s  sc.  (1C3) 

bu+terf 1 i es 

D 1 RTERA 

p - 

unidentifiable  dipteran  larvae  (098) 

flies 

p — 

unidentifiable  dipteran  pupae  (099) 

flies 

p  I  as 

unidentified  chironomid  -  larvae  **  (072) 

mi dges 

p  i  as 

unidentified  chironomid  pupae  **  (070) 

m i dqes 

p  — 

ch i ronom i dae  -  adult  (071) 

m i dges 

p-as 

unidentifiable  chironomid  larvae  (078) 

m i dges 

p  — 

unidentifiable  chironomid  Pupae  (079) 

mi dqes 

p — 

Ablabesmyia  sp.  -  pupae  (094) 

mi dges 

p — 

Ablabesmyia  sp.  -  larvae  (090) 

m i dges 

—  3- 

Chironomus  sp .  -  larvae  (074) 

m i dges 

—  3- 

Chironomus  sp.  -  pupae  (075) 

m i does 

p  i  a- 

Cricotoous  spp.  -  larvae  (081  ) 

m i dges 

t  « 


ft  « 


ft  « 


»  • 


« 


( coot .  i 


« 
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able  22. 


(con+ .  ) 


Sor i ng 

Spec i es 

Common  Name 

P-3- 

Cricootus  sdd .  -  pupae  (088) 

n i dges 

—  3- 

Crvprocn i rcncmus  sp.  -  larvae  (073) 

m i dges 

— a- 

CrypTpch i ronomus  -  sp.  -  pupae  (077) 

m i dges 

p - 

Corvnoneura  sp.  -  larvae  (192) 

m i dges 

— a- 

0 i crotend i pes  sp.  -  larvae  (076! 

m i dges 

p - 

Huk  i  effer  i  el  l  a  sp.  -  larvae  (082'1 

m i dges 

?— 

Heterotr i ssccl ad i us  sp.  -  larvae  (085 / 

m i dges 

p - 

Micropsectra  sp.  -  larvae  (084: 

m i dges 

p - 

Micrccsectra  sp.  -  pupae  (09') 

m i does 

P - 

M i crotend i oes  sp.  -  larvae  .033) 

m i dges 

p  — 

Mi crotend i pes  sp.  -  puoae  (089) 

m i dges 

P — 

3aratanvtarsus  sp.  -  larvae  : ' 95 ) 

m i dges 

-i  — 

“aratendioes  sp.  -  larvae  (09') 

m i dges 

- 1  — 

aaratend i oes  so.  -  puoae  (092) 

m i does 

P — 

^entaneura  so.  -  pupae  (087) 

m i dges 

p - 

Ptiaencosectra  sp.  -  larvae  (194) 

mi dges 

—  a- 

Poivoodilum  so.  -  larvae  (080) 

m i daes 

p - 

Pseudocn i rcnamus  fulviventris  (193) 

mi dges 

p - 

Oixa  so.  -  larvae  (157) 

d i x i dae 

p - 

“svchoda  so.  -  larvae  (168) 

psycnod i dae 

P— 

Simuliium  so-  -  larvae  (159) 

o 1 ack  f 1 i es 

- 1  a- 

ceraToooqon i dae  -  oaipomia  grouo  (095) 

no-seeums 

- 5 

ceratopogon i dae  -  pupae  (172) 

no-seeums 

P  i  — 

Culicoides  so.  -  larvae  (096) 

no-seeums 

- s 

Odonromy'a  so.  -  larvae  (156) 

snipe  * i i es 

- S 

StraT i cmvs  so .  (110) 

snipe  flies 

P  l  -s 

Limoni  a  so.  -  1 arvae  (097) 

crane  flies 

OR  1  BATE  1 

p-as 

Hydrozetes  so .  ( 1 0 1  ) 

sem i acua- : c 

HYDRACARINA 

p  l  -s 

unidentifiable  hydracarina  (106) 

*at  er  m  i  ■‘■e 

- s 

Arrenurus  so.  (109) 

Hater  mi*e 

p— 

Lebertia  sp.  (1C2) 

water  mi*e 

- 1  — 

Soercbon  so.  (107) 

water  mite 

- 1  — 

Tnermacarus  nevadensis  (108) 

*ater  mi-e 

GASTRCPCOA 

p-a- 

rerrissia  frag ii is  (063) 

! i mpe*s 

P_— 

Fluminicola  n.so.  -  juvenile  ****  (051) 

sna i l s 

P  — 

Fluminicola  n.so.  -  sub-adul*  ****  (352'- 

sna i Is 

? -  Fluminicola  n.so.  -  adult  ****  (253)  snails 


m  i  to 
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Table  22 . 


(con+ . ) 


Spring  Species 


Common  Name 


— s 

Gvraulus  parvus  -  juvenile  (062) 

snai  1 

s 

— s 

Gyraulus  parvus  -  sub-adult  (061) 

snai  1 

s 

— s 

Gvraulus  barvus  -  adult  (060) 

snai  1 

s 

-1  — 

hydrobioid  -  new  genus  -  juvenile  ****  (057) 

snai  1 

s 

-1  — 

hydrobioid  -  new  genus  -  sub-adult  *«** *** ****  (058) 

snai  1 

s 

-1  — 

hydrobioid  -  new  genus  -  adult  ****  (059) 

snai  1 

s 

— a- 

Melanoides  tuberculatus  -  all  (064) 

snai  1 

s 

— s 

Physa  virgata  -  juvenile  (056) 

snai  1 

s 

— s 

Physa  viraata  -  sub-adult  (055) 

snai  1 

s 

— as 

Physa  viraata  -  adult  (054) 

snai  1 

s 

PELYCEPODA 

p - 

Pisidium  sp.1  -  juvenile  (066) 

clams 

p - 

Pisidium  sp.1  -  adult  (067) 

clams 

MISCELLANEOUS 

pl-s 

terrestrial  insects  (aphids>etc)  (170) 

terrestr i al  s 

P— s 

fish  eggs  (162) 

f  i  sh 

P--S 

larval  fish  (163) 

f  i  sh 

— a- 

Cichlisoma  n i qrof asc i atum  -  (164) 

fish 

*  numbers  a+  end  of  names  represent  computer  number  assipnment 
only,  not  taxonomic  heirarchy 

**  further  specimens  or  taxonomic  work  is  required  to  identify  this 
species 

***  collected  in  qualitative  samples  only 

****  endemic  species 
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TA3LE  23.  Comparison  of  the  plankton  densities  in  the  Shoshone  Ponds. 

T  =  mean  numbers/liter  for  limited  counts  of  comparable  vertical 
plankton  tows. 


June  Samp! inq  Round 

July  Samp! i nq  Round 

Mean  number/liter 

taxa 

Mean  number/ 1  iter 

North  Pond 

13.3 

Rhizopods 

0.0 

Center  Pond  320.9  Copepods,  Cladocerans  132.9 


South  Pond 


32.1  Rhizopods,  Rotifers,  Copepods  28.9 


ECKMAN  DREDGE  SAMPLES 


K 


Eckman  dredge  samples  were  collected  from  all  springs, 
were  extremely  sparse  in  dredge  samples,  except  at  Ash 
molluscan  density  was  very  high.  Specific  descriptions  of 
collected  in  dredge  samples  from  the  springs  will  follow. 


I nvertebrates 
Spring,  where 
i nvertebrates 


is 

» 


STANDARDIZED  DIP  SAMPLES 


Dip  samples  were  collected  at  Preston  Big  Spring,  Lockes  Ranch 
Spring,  and  Shoshone  North  Pond.  Extremely  high  densities  of 
invertebrates  were  observed  in  samples  from  Preston  and  Lockes  springs. 
Dip  samples  were  used  exclusively  at  preston  3ig  Spring  due  to  the  large 
amount  of  emergent  vegetation  and  algal  growth  at  that  spring.  Returns 
from  dip  samples  were  very  good  at  Preston  and  Lockes  spring.  Specific 
descriptions  of  invertebrates  collected  at  each  spring  system  will  follow. 


DESCRIPTIONS  OF  INVERTEBRATE  COMMUNITY  COMPOSITION 


B 

m 


Preston  Big  Spring 


Invertebrate  communities  collected  in  Preston  Big  Spring  were 
considerably  different  in  the  various  habitats  sampled.  The  habitats 
sampled  represented  all  the  major  aquatic  vegetation  types  present  in  the 
spring,  as  well  as  a  rocky  bottom  area  in  fast  flowing  water.  The 

gravel -bottom  area  in  swift  water,  near  the  100  meter  transect,  was 
dominated  by  micro-caddisf I ies  and  the  snail,  F | um i n i co I  a  n.sp.,  except 
during  September,  when  Hvalel la  azteca  became  important  in  this  habitat 
(  Tables  C  and  D  01-04  ).  The  RprTppa  (nasturtium)  mats  at  the  edge  of 
the  fast  flowing  area  were  dominated  by  the  amphipod,  Hyalel la  azteca, 
Oxyeth i ra  so.,  F I um i n i co I  a  n.sp.,  chironomids,  and  turbel l ar ians  (  Tables 
C  and  D  05-08  ).  During  the  June  sampling  trip,  very  high  numbers  of 
orbatid  semi  aquatic  mites  occurred  in  nasturtium  mats,  but  these  animals 
were  not  prominent  in  samples  from  any  other  habitat  or  during  the 
following  sampling  rounds.  Nasturtium  -  algae  habitats  in  slow  flowing 
waters  and  sedge  root  mats  were  dominated  by  F I um i n i co l a  n.sp.,  the 
micro-caddisf l y,  Oxyeth ira  sp.,  turbel I ar Ians,  ol igochaetes,  and 
chironomids  (  Tables  C  and  D  09-14  ).  The  age  structure  of  F I um i n i co I  a 
n.sp  populations  was  different  in  the  various  habitats,  with  juvenile 
snails  appearing  more  important  in  habitats  nearer  the  head  pool  than  in 
habitats  further  downstream.  The  numbers  of  Leucotr i ch i a  sp.  appeared  to 
increase  dramatically  in  the  gravel  and  sand  hab itat.  Th i s  was  a  result 
of  the  close  attachment  of  Leucotr i ch i a  to  gravel  substrates.  This  taxon 
was  not  adeguately  sampled  in  June  and  July.  To  correct  this  during 

August  and  September,  all  rocks  contained  in  a  dip  sample  were  closely 


examined  and  the  Leucotr ichia  larvae  and  pupae  were  counted  in  the  field. 


In  all  habitats,  except  gravel  and  sand,  immature  damsel  flies  became 
an  important  part  of  the  community  structure  in  August  and  September, 
while  immature  dragonflies  became  abundant  in  September.  Muddy  habitats, 
sampled  in  August,  were  dominated  by  F I  urn i n i co I  a  n.sp.,  while  shallow 
littoral  vegetation  samoled  in  September  was  dominated  by  ostracods, 
F i um i n i co l a  n.sp. (field  observations),  turbel I ar i ans,  beetles,  and 
immature  damsel  flies.  By  September,  a  majority  of  the  immature 
damsel  flies  had  become  identifiable  as  Arq i a  spo.  Raw  data  listing  the 
numbers  of  each  soecies  per  square  meter  for  all  replicate  samples 
collected  are  presented  in  Tables  C  01  through  24.  Basic  statistics 
generated  by  species  and  for  totals  are  presented  in  Tables  D  01  through 
24. 


Lockes  Ranch  Sprinc 


Although  the  number  of  soecies  observed  at  Lockes  Ranch  Spring  was 
quite  low  (  Table  22),  the  abundance  of  animals  per  square  meter  was  quite 
high  in  some  habitats.  Drift,  mud,  and  sandy  gravel  habitats  contained 
the  lowest  invertebrate  densities,  while  Utr i cu I ar i a  mats  and  algae-sedge 
mats  contained  quite  high  densities  of  i nvertebrates.  Densities  of  the 
hydrobio  id  snail  and  Pr i st i na  aequ i seta  populations  both  reached  30,000  to 
40,000  individuals  per  square  meter.  Both  organisms  are  quite  small  in 
terms  of  total  individual  biomass.  Amph ipods,  mollusks,  and  oligochaetes 
appeared  to  be  the  dominant  taxa  associated  with  Utr i cu I ar i a  mats  while 
chironomids,  mollusks,  and  oligochaetes  aooeared  to  be  important  in 
algae-sedge  mats.  Although  the  densities  were  quite  low,  the  flocculent 
mud  and  sandy  gravel  areas  were  dominated  by  chironomids  (  Paratendioes 
sp.).  Raw  data  listings  and  basic  statistics  for  all  samples  collected 
are  presented  in  Tables  C  25  through  48  and  0  25  through  48,  respectively. 


The  distribution  and  abundance  of  aquatic  i nvertebrates  at  Lockes 
Ranch  Spring  remained  very  constant,  with  minor  changes  over  the  entire 
four  month  study.  As  a  result  of  processing  errors  in  the  algae  and  sedge 
samples,  the  naiad  worms  appeared  to  fluctuate  considerably  on  a  monthly 
basis.  In  real ity,  their  populations  did  not  fluctuate  dramatically.  In 
the  Utricularia  substrate,  there  were  indications  of  fluctuations  in  taxa 
in  qualitative  observations  conducted  in  cooler  portions  of  the  habitat. 
This  particular  substrate  should  be  carefully  monitored  for  seasonal 
f l uctuations. 


Shoshone  North  Pond 


Ooen  water  zooplankton  was  not  as  important  as  zooplankton  associated 
with  the  algal  mat  in  the  pond.  The  algal  mat  community  represented  the 
major  habitat  for  microcrustaceans  in  Shoshone  North  Pond  and  probably 
provided  a  useable  refuge  for  zooplankton  production  in  the  pond.  Ooen 
water  zooplankton  density  was  higher  in  June  than  July  sampling,  but  that 


was  probably  a  function  of  residual  algal  mat  species  being  collected  in 
water  grabs  rather  than  any  real  change  in  zooplankton  density.  This  is 
supported  by  the  fact  that  almost  all  the  SDecies  observed  in  the  open 
water  plankton  samples  were  found  in  algal  mat  samples.  Since  very  few 
invertebrates  were  collected  in  dip  or  dredge  samples  in  June  and  July  , 
it  would  appear  that  alga!  mat  areas  provided  the  major  portion  of  the 
food  resource  for  the  fish  population  in  Shoshone  North  Pond  during  this 
period. 


Microcrustacean  (copepods  and  cladocerans)  abundance  in  algal  mats 
appeared  to  remain  constant  throughout  the  study  period,  while 
invertebrate  populations  in  littoral  vegetation  increased  in  August  and 


September  .  Rhizopod  populations  in  the  algal  mat  habitat  declined 
dramatically  after  July,  but  the  timing  of  this  was  unclear  due  to 
inadequate  preservation  of  August  algal  mat  samples.  Beginning  in  July, 
immature  damselflies  and  dragonflies  became  abundant  in  littoral 
vegetation.  In  addition,  a  variety  of  adult  aquatic  beetles  became 
abundant  in  August  and  September.  Raw  data  listing  and  basic  statistics 
for  all  samples  collected  are  presented  in  Tables  C  49  through  64,  and  D 
49  through  64  respectively. 


Outflow  Of  Ash  Sprinq 


The  aquatic  habitat  in  the  outflow  of  Ash  Spring  was  primarily  a  mud 
bottom  with  algae  or  macrophyte  cover  and  occasional  pools  with  sandy 
bottoms.  Very  low  densities  of  ail  invertebrates,  except  the  introduced 
Oriental  snail  Melanoides  tubercu I atus ,  occurred  in  every  habitat  sampled. 
The  sandy  pool  habitat  was  especially  poor.  Macrophyte-covered  mud 
(primarily  Spiny  Naiad  )  was  the  most  diverse  habitat  in  the  study  area 
accounting  for  the  majority  of  species  observed.  Invertebrate  densities 
other  than  tubercu l atus  increased  in  the  spiny  naiad-mud  habitat  in 
August  and  September  .  Chironomids  appeared  to  be  relatively  important  in 
this  system  although  the  total  dominance  of  M^  tubercu I atus  made 
determination  of  important  species  difficult.  Raw  data  listings  and  basic 
statistics  are  presented  in  Tables  C  65  through  80,  and  D  65  through  80, 
respectively,  for  all  samples  collected. 


CONCLUS I ONS 


invertebrate  populations  at  Pres+on  Big  Spring  are  very  diverse  and 
abundant.  The  trophic  resource  available  for  fish  populations  is  very 
large  and  diversified  in  this  spring.  Populations  of  invertebrates  a+ 
Lockes  Ranch  Soring,  although  not  very  diverse,  are  quite  abundant  in 
macrophyte  beds.  Macrophyte  beds  in  general,  appear  to  provide  the 
optimal  habitat  in  the  natural  springs.  In  Shoshone  Donds,  an  artificial 
habitat  with  extremely  low  water  flow,  the  major  food  resource  appears  to 
be  associated  with  algal  mats  in  early  summer  and  with  littoral  vegetation 
and  algal  mats  in  fall.  Alteration  of  algal  mat  density  in  this  oond 
could  drastically  alter  the  habitat  available  for  invertebrate 
colonization  and,  in  turn,  the  food  resource  available  to  the  fish 
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population.  The  outflow  of  Ash  Spring  is  so  comoletely  dominated  by 
Me i an oi des  tuftercu I atus  that  it  appears  few  other  invertebrates  are  well 
established  in  the  study  reach  of  this  spring  outflow.  It  is  difficult  to 
evaluate  the  food  resource  at  this  study  site  or  the  consequences  of 
alterations  on  that  system.  Fish  must  re'y  heavily  on  chironomids  and  on 
the  drift  or  food  sources  falling  into  the  water  since  M.  tubercu I atus  is 
not  a  good  food  resource. 


MOLLUSCA 


(  Landye,  1973  ). 

of  southern  Nevada 


Due  to  the  endemic  nature  of  the  aquatic  moMuscan  resources  of 
Nevada,  it  is  important  to  address  this  unique  invertebrate  fauna 
separately.  Very  little  comprehensive  information  is  published  on  the 
aquatic  mollusks  of  Nevada  (  Landye,  1973  ).  Scientific  freshwater 
moMuscan  investigations  of  southern  Nevada  began  about  1859  and 
subsequent  work  was  sporadic  until  the  1960's.  In  the  1960's  D.  W.  Taylor 
began  collecting  freshwater  mollusks  found  in  the  area.  In  1969,  J. J, 
Landye  began  his  inventory  work  in  the  area.  W.  L.  Pratt  began  his 
collection  of  freshwater  and  terrestrial  mollusks  in  Nevada  in  1976. 
Therefore,  it  has  been  only  in  the  last  20  years  that  the  species 
diversity  of  mollusks  have  begun  to  be  understood.  The  major  portion  of 
tne  endemic  moMuscan  fauna  is  hydrobioid  gastropods  which  are  found  in 
desert  springs.  It  is  for  this  reason  that  any  reduction  in  soring 
discharges  will  cause  a  major  stress  on  these  endemic  moMuscan  species. 
It  is  certain  that  additional  human  population  pressure  will  increase  the 
rate  at  which  introductions  of  detrimental  exotic  moMuscan  species  will 
be  made  to  these  unique  aquatic  systems. 


Scientific  freshwater 
began  about  1859  and 
the  1960‘s  D.  W.  Taylor 
the  area.  I n  1 969,  J.  J. 

L.  Pratt  began  his 
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Many  of  these  unique  hydrobioid  snails  are  known,  but  remain 
undescribed  in  tne  scientific  I iterature.  As  indicated  by  the  frequency 
of  recent  discoveries  of  new  endemic  freshwater  moMuscan  species,  there 
are  probably  several  other  unknown  hydrobioid  species  still  to  be 
discovered  in  isolated  springs  in  Nevada.  In  the  four  areas  that 
specifically  were  inventoried  for  this  project,  two  endemic  hydrobioid 
species  were  found.  In  addition,  within  the  four  valleys  containing  our 
specific  study  areas,  a  total  of  eiont  endemic  hydrobioid  species  have 
been  found  during  investigations  conducted  over  the  last  11  years.  An 
additional  four  undescribed  species  have  been  recently  discovered  in 
Steptoe  Valley  . 

Hydrobioid  gastropods  are  found  in  many  of  the  desert  springs  in 
western  North  America,  including  Mexico.  Most  of  these  species  are 
restricted  to  one  spring  system  within  one  basin.  In  the  literature, 
these  mollusks  are  referred  *o  as  hydrob  i  i  d  (  HydrobMdae  )  oas+ropods, 
but  recent  taxonomic  investigations  by  Davis  (1979)  have  changed  their 
higher  systematic  position  to  the  hydrobioid  gastropods.  Due  +o  their 
long  separation  in  time  and  space,  these  hydrobioid  species  have  become 
highly  endemic  in  spring  systems  that  save  maintained  themselves  for 
millions  of  years.  possM  investigations  in  western  Arizona  have  provided 
evidence  of  Miocene  desert-  springs  including  a  hydrobioid  fauna.  *s 
demonstrated  by  Davis  (1979),  Mve  hydrob i o i d-nvdrob i ■ d  snails  can  be 
utilized  as  living  fossils.  c*om  ■’•nese  1  v-ng  fossMs,  valuable 
information  on  rates  of  zoological  eve > ■ on  and  D'a^e  *ec+on > cs  can  be 
ascertained.  Thus,  *ne  nvd'ob  o  "  gasf'opocs  o*  Nevada  should  be  *-eated 
as  living  fossils,  wi*h  grea*  care  *a*er  P'ese-ve  -ne’r  populations. 

Some  of  Nevadas  scr  ngs  nave  nee*  *-  ~av<=  e»  s~ec  con* ,  nuous  ’  v 
since  at  least  PMocene  *'ses  w  nod-tr.  c"  -  and  *  on,  *ne  w»*e- 
*rom  some  dese"*  springs  "as  C“p"  :a*eo,  .c  ~c  ’k-  *?-  -irrccr  m<?*hod,  *o 
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be  in  excess  of  1000  years  old.  These  facts  should  be  considered  in  terms 
of  the  total  antiauity  of  desert  springs  of  western  North  America, 
including  Nevada.  If  groundwater  pumping  does  not  "dry"  ud  the  spring  and 
cause  extirpation  of  endemic  molluscan  species,  then  long  term  pumping  may 
cause  changes  in  the  distant  future.  An  example  of  groundwater  Dumping 
causing  extirpation  of  species  is  the  spring  south  of  Palomas,  Chihuahua, 
Mexico.  Groundwater  pumping  in  the  Deming,  New  Mexico  area  has  caused  the 
cessation  of  soring  flow,  extirpating  three  endemic  hydrobioid  species, 
and  one  endemic  fish,  Cypr i nodon  n.sp. 


Aquatic  molluscan  inventories  of  White  River,  Pahranagat,  Spring,  and 
Railroad  valleys  are  essentially  complete,  while  the  molluscan  resources 
of  Steptoe,  Snake,  and  Monitor  valleys  remain  largely  unknown. 


White  R i ver  Va I 


Preston  Big  Sorina 


Within  Preston  9ig  Soring,  only  one  endemic  gastropod  was  found, 
F I umi ni co I  a  n.sp.  This  undescribed  species  is  also  found  in  c~her  springs 
in  White  River  Valley,  i.e.,  Moorman  and  Hot  Creek  springs.  Moorman  and 
Hot  Creek  springs  also  support  Trvon i a  c I athr ata  which  is  endemic  to  the 
White  River  system,  including  the  Pahranagat  and  Muddy  River  valleys. 
This  species  is  declining  in  numbers  and  any  additional  stress  to  the 
species  will  seriously  jeopardize  its  continued  existence. 


Most  of  the  springs  on  the  eastern  slope  of  the  valley  support  an 
endemic  undescribed  Fpntel icel la  species.  These  snails  are  restricted  to 
aquatic  vegetation  in  headsprings  such  as  Hardy,  Emmiarant,  Flag,  and 
Butterfield  springs.  In  the  latter  three  springs,  there  also  is  an 
undescribed  F I umin i col  a.  Systematic  investigation  has  yet  to  be  completed 
to  ascertain  wnether  these  pooulations  of  F I um i n i co I  a  are  of  the  same 
species  as  the  oopulations  at  Moorman,  Preston  Big,  and  Hot  Creek  springs. 
Nc+e  that  the  term  F l umin i col  a  is  used  here,  eventually  The  Nevada 
Fl um i n i co I  a  will  be  put  into  a  new  genus. 

Railroad  Valiev  (  Lockes  Ranch  Soring  ) 


An  undescribed  genus-species  of  gastroood  is  found  in  the  Lockes 
Ranch  Soring.  This  snail  is  also  found  in  other  springs  on  the  Lockes 
Ranch,  i.e.,  Reynolds,  and  Corral  springs. 


Found  on  the  eastern  slope  of  Railroad  Valley  is  an  undescribed 
Fpntel icei la  frcm  at  least  three  springs  near  Current.  Habitat  preference 
for  this  species  is  flowing  water  in  headspring  areas  and  usually  on  hard 
substrates  such  as  Ror i ooa  .  In  one  of  these  springs,  Vaivata  humeral  is 
is  found.  Although  more  widesoread  in  more  northern  areas  of  North 
America,  tnis  population  probably  represents  a  Pleistocene  rel ict  as 
evidenced  by  a  Pleistocene  fossil  molluscan  fauna  in  the  area. 


in  upper  Railroad  Valley,  near  Ouckwater,  a  totally  different 


molluscan  fauna  occurs.  In  the  Duckwater  Sorings,  Duckwater  Indian 
Reservation,  an  undescribed  genus-species  is  found.  Besides  this  spring, 
3ig  Warm  and  Little  Warm  springs  provide  habitat  for  a  second  undescribed 
genus-species.  3oth  of  these  species  are  different  than  the  species  at 
Lockes  Ranch  Spring.  Although  no  living  specimens  were  found,  an 
undescribed  species  of  Tryon i a  also  was  found  in  Duckwater  Little  Warm 
Spring.  No  endemic  mollusks  have  been  found  in  springs  located  on  the 
southern  and  western  slopes  of  Railroad  Valley,  except  the  Lockes  Ranch 
area. 

Soring  Valley  (  Shoshone  Ponds  ) 

Shoshone  Ponds  support  no  endemic  aquatic  mollusks.  Cosmopolitan 
gastropods  such  as  Gvrau I  us  parvus  and  Physa  v i rgata  are  present.  The  red 
rams  horn,  P I anorbe I  I  a  Qury i ,  a  native  of  Florida  was  introduced,  but  only 
dead  shell  has  been  found.  Succineidae,  a  family  of  terrestrial 
gasrropods,  was  found  on  the  soil  at  the  margins  of  the  pond. 


Although  no  endemic  freshwater  mollusks  were  found  in  Shoshone  Ponds, 
endemic  hydrobioid  snails  have  recently  been  discovered  in  Spring  Valley 
during  a  systematic  molluscan  inventory  of  the  valley.  One  species  was 
found  in  a  spring  8  km  south  of  Shoshone  Ponds,  as  well  as  in  sorings 
located  near  Cl  eve  Creek,  including  Grey  Spring,  which  is  located  on 
Bureau  of  Land  Management  land.  Even  though  the  area  north  of  Cl  eve  Creek 
abounds  with  springs,  the  species  was  not  found  there. 

Pahranaqat  Vail ev  (  Outflow  of  Ash  Spr i nas  ) 


As  previously  stated,  the  specific  sample  site,  Burns  Ranch  portion 
of  the  spring  run,  was  dominated  by  Mel ano i des  tubercu I atus.  Since  M. 
tubercu I atus  is  a  potential  parasite  vector  it  presents  a  special  medical 
prob I em.  This  exotic  Oriental  snail  is  a  known  intermediate  host  for 
human  trematode  flukes.  Two  of  these  flukes  are  Paragon i mus  westerman i, 
which  infects  the  lungs  and  Metaqom i nus  yokaoawa i,  which  i nfects  the 
digestive  tract.  Paragon imus  westerman i  is  present  in  North  America  with 
one  occurrence  recorded  in  man  prior  to  1964.  Frequent  occurrences  have 
been  reported  in  mammals  in  California,  among  other  states. 


The  introduction  of  Mel anoi des  tubercu I atus  into  the  Ash  Springs 
system  occurred  before  1969,  but  collections  in  the  headspring  in  that 
year  yielded  only  a  few  specimens.  Since  1969, its  population  has  rapidly 
increased,  essentially  replacing  the  native  Tryonia  clathrata.  This  same 
phenomenon  has  been  observed  in  the  Muddy  River  Valley  portion  of  T. 
clathrata  ’s  range  and  with  Tryon i a  spp..  Ash  Meadows,  Nevada.  Increased 
utilization  of  Ash  Springs  for  recreation  increases  the  chances  of 
incidental  transport  of  M^  tubercu I atus  to  other  unique  spring  systems  in 
Nevada. 


Besides  Tryon i a  cl athrata,  the  headspring  area  of  Ash  Springs 
supports  the  endemic  F l um i n i co I  a  merr i am i .  It  is  restricted  to  Pahranagat 
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Valley  and  >c  *ound  in  Ash,  Hiko,  and  Crvstal  springs.  Since  Me  I ano i les 
tubercu I atus  does  not  occupy  their  headspring  habitat  of  rocks  in 
moderately  flowing  water,  populations  of  the  native  species  are  in  good 
condition.  Any  damming  of  these  headsprings  would  cause  a  decrease  in 
habitat  for  the  native  species,  resulting  in  lower  populations. 

Steptoe  Va I  lev 


A  brief  (24  hour)  inventory  of  aquatic  mollusks  was  conducted  in 
Steotoe  Valley  in  late  August.  Ouring  this  period  of  time,  four 
previously  un*nown  and  undescribed  hydrobioids  were  discovered.  These 
were  located  in  springs  on  the  Steptoe  and  Lazzeti  ranches  and  SheUbourne 
pass.  This  demonstrated  just  how  biologically  unknown  many  of  these 
basins  are.  In  light  of  these  recent  discoveries,  a  more  complete 
moi'uscan  inventory  of  tne  Steotoe  Valley  springs  is  needed.  According  to 
Eak :  n  er  3!.  (1367)  -"-here  are  over  100  springs  in  the  basin. 


FISH  COMMUNITIES 


INTRODUCTION 


Relatively  few  species  of  fish  occur  in  the  Nevada  portion  of  the 
area  Peing  considered  for  deployment  of  the  M  X  Missile  System.  Many 
species,  subspecies  and/or  populations  within  this  area  are  of  particular 
concern  because  they  are  endemic,  endanqered,  tnreatened,  sensitive,  or  in 
some  cases,  apparently  undescribed.  The  fish  fauna  throughout  a  portion 
of  the  area  has  been  thoroughly  examin’d  by  Hubbs  et  al.  (1974).  Certain 
undescribed  forms  are  known  to  exist  in  Railroad,  Hot  Creek,  Big  Smoky, 
Fish  Lake,  and  Little  Fish  Lake  valleys,  areas  not  covered  by  Hubbs  et  al. 
(1974).  While  the  undescribed  forms  are  not  listed  by  the  Department  of 
Interior  in  their  list  of  endangered  and  threatened  wildlife  and  plants, 
at  least  some  of  them  do  appear  on  the  proposed  list  of  sensitive  species 
developed  by  the  Nevada  Department  of  Wildlife.  Nevada  is  develooinq  a 
continuing  program  to  clarify  both  the  taxonomic  and  pooulation  status  of 
ail  native  *isnes.  This  effort  w <  >  I  initially  focus  on  a  few  of  the  forms 
and  populations  of  unce-tain  sta*us.  in  addition  to  the  monooraph  by 
HubPs  et  al.  (1974),  general  i nf orma” ' on  on  population  status  of  many 
fishes  in  central  and  eastern  Nevada  is  ava 'able  in  La  Rive-s  (1962), 
Deacon  (1968;  1979),  Deacon  et  al.  . ’ 9"9),  anp  Harpv  (’980a). 


This  report  deals  with  Wishes  i  vine  in  *ou"  selected  habita+s 
falling  within  the  area  proposed  for  pepovmen-  o*  -he  m  X  Missile  System 
in  Nevada.  Intensive  studies  were  conquered  *-om  June  throuan  September 
of  1980  on  fishes  living  in  10C  mete1"  sections  o*  p~eston  Big  Sprina, 
Lockes  Ranch  Spring,  and  the  outflow  stream  o*  Ash  Sorino.  In  addition, 
the  fish  population  living  in  *ne  Shoshone  North  Dond  in  the  southern 
portion  of  Spring  Valley  was  studied  in  some  detail.  cishes  involved  in 
these  studies  include  Gi  i  a  rppusta  _ior  pan  i  ;  °ahranacat  roundel  i  ohub  ), 
Rh i n i chtnys  oscu I  us  ve I i f er  (  White  River  speckled  dace  ),  Catostomus 
c l ark i  i nt ermed i us  (  White  River  oeser*  sucker  ),  Emoe*r i chtnvs  I atos 
i atos  (  panr ump  k i I  I i f i sh  ) ,  Cren i chtnys  pa i lev;  ssp .  (  °reston  White 

R i ver  sor i ngf i sh  ) ,  Cren i chtnys  nevaoae  (  Rail road  V  a  I  ley  spr i ng* i sh  ) , 
Sambus  i  a  af  f_i  n  is  (mosqu  i  tof  i  sh ) ,  and  Cicnlasoma  n  i  arof  asc  i  atum  (convict 
ci cniid). 


Gila  robusta  iordan i  was  described  by  Tanner  (1950)  from  Crystal 
Spring,  Rahranagat  Valley,  Nevada  .  It  also  has  been  recorded  from  the 
outflow  of  Ash  Spring  but  has  not  been  taken  in  Upper  Pahranaga*  Lake  or 
south  of  that  point  (  Miller  and  Hubbs,  I960;  La  Rivers,  1962).  Records, 
since  I960,  indicate  that  the  species  has  disappeared  from  Crystal  Spring 
and  its  outflow  and  is,  at  present,  confined  to  the  natural  stream  course 
on  the  Burns  Ranch,  which  is  the  only  relatively  unmodified  section  of 
stream  forming  the  outflow  of  Ash  Spring.  Below  3urns  Ranch,  the  outflow 
becomes  confined  to  a  concrete  irrigation  ditch  which  contains  no  suitable 
hao:tat  for  native  fishes.  Disappearance  of  Gila  from  Crystal  Spring  and 
i*s  outflow  probably  occurred  prior  to  February,  1961.  Observations  and 
seining  at  Crystal  Spring  and  its  outflow  on  February  16,  1961  by  J.  E. 
Deacon  yielded  only  speckled  dace,  Whire  River  sprinefish,  and  ca-p 
•  Zvd' i nus  C3rp i c  ).  Frequent  subseauent  collections  at  Crys+ai  Sprlnc 


have  failed  to  document  the  occurrence  of  Gila  in  tnese  waters.  The 
disappearance  of  Gi l 3  from  Crystal  Spring  is  puzzling,  since  habitat 
modifications  there  appear  to  be  no  more  severe  than  those  that  have 
occurred  in  the  outflow  of  Ash  Spring,  where  the  species  persists  in  low 
numbers.  Because  of  the  low  population,  there  has  been  virtually  no 
recent  information  developed  on  the  ecology  of  the  Pahranagat  roundtai l 
chub.  Schuman  (1978),  however,  reported  on  responses  to  temperature  and 
dissolved  oxygen  in  the  closely  related  forms  of  the  Moapa  and  Virgin 
Rivers  in  Nevada,  Arizona,  and  Utah.  The  Pahranagat  roundtai I  presently 
lives  in  a  thermal  environment  that  is  very  different  from  other 
subspecies  of  Gila  robust3  .  The  populations  from  the  Virgin  and  Mcapa 
Rivers  have  a  final  thermal  preferendum  of  about  23.8°  C.  Thermal 
preferenda  shift  from  about  17-24°  C  as  acclimation  temperature  shifts 
from  about  8-30°  C  .  Critical  thermal  maxima  shift  from  about  29-36°  C  as 
acclimation  temperature  shifts  from  about  10-25°  C.  The  temperature  in 
the  area  occupied  by  the  Panranagat  roundtai I  chub  is  30-31°  C. 


Rh i n i chthvs  oscu I  us  ve I i f er ,  described  by  Gilbert  (1893)  from 
Pahranagat  Valley,  where  it  is  common  in  the  outflow  of  Ash  Soring,  also 
occurs  in  White  River  Valley,  where  it  is  abundant  in  Pres+on  3ia  Soring. 
More  detailed  examination  of  variation  between  the  several  populations  in 
Pahranagat  and  White  River  Valley  may  reveal  additional,  as  vet 
undescribed,  subsoecific  differences. 


Catostcmus  clarki  intermedius  was  described  by  Tanner  (19*2)  from 
streams  and  springs  at  Lund  and  Preston,  White  Pine  County,  Nevada.  The 
subspecies  was  present  in  Panranagat  Valley  in  1933  but  had  apparently 
disappeared  from  there  by  1959  (  Miller  and  Hubbs,  1960).  It  persists  in 
cold  soring  flews  in  White  River  Valley  . 


E.moetr  i  chthvs  I  atos  I  atos  was  described  by  Miller  (1948)  from  Manse 
Rancn,  Panrump  Valley,  Nye  County,  Nevada.  It  exists  as  a  transplanted 
population  in  Shoshone  Pond,  where  it  has  maintained  a  population  since 
August  31,  1975.  Its  original  habitat  is  now  intermittent.  Some 
information  on  the  ecology  and  life  history  of  this  species  has  been 
published  by  Miller  (1948),  Deacon  et  a  1.(1964),  Mi  nek  ley  and  Deacon 
(1963),  Selby  (1977),  Soltz  and  Naiman  (1978)  and  Deacon  (1979).  There 
is,  however,  no  comorenens i ve  account  of  the  life  history  of  the  species 
available.  In  addition  to  the  work  on  population  size  and  ecology  in 
Shoshone  North  Pond  done  in  connection  with  this  study,  we  also  present 
some  information  from  the  files  of  J.  E.  Deacon  develooed  many  years  ago 
when  E. I atos  still  occurred  in  its  natural  habitat  in  Panrump  Valley. 


Crenichthys  baiieyi  was  initially  described  by  Gilbert  (1393)  from 
specimens  taken  in  Panranagat  Valley.  Williams  and  Wilde  (  In  press  ) 
have  recently  described  several  subspecies.  One  population  in  Hiko 
Spring,  Panranagat  Valley  has  become  extinct  (  Deacon,  1979  ).  The 
populations  in  Ash  and  Crystal  Sorings  are  now  quite  low,  apparently  as  a 
result  of  competitive  interactions  with  introduced  aquarium  fish  (  Deacon 
et  al.,  1964;  Hubbs  and  Deacon,  1964;  Deacon,  1979;  and  Hardy,  1980a  ). 
3ooulations  in  the  warm  headwaters  of  the  ‘Apaoa  River  are  also  subjected 
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to  population  changes,  apparently  resulting  from  interaction  with 
introduced  fishes  (  Cross,  1975;  Deacon  and  Bradley,  1972;  Hardy,  1980a; 
and  Wilson  et  a  I . ,  1966  ). 


Espinosa  (1968)  treated  spawning  periodicity  and  fecundity  in  the 
White  River  springfish.  He  demonstrated  that  spawning  occurs  primarily  in 
tne  spring  and  probably  somewhat  later  in  the  more  northern  parts  of  their 
range.  The  spawning  season  is  quite  extended  however,  and  there  may  be  a 
secondary  peak  in  the  fall.  Size  of  females  at  first  maturity  appears  to 
be  larger  in  populations  not  subjected  to  competitive  relations  with 
exotic  species.  This  suggests  that  one  possible  mechanism  of  population 
limitation  in  the  face  of  competition  is  to  reduce  fecundity  of  the 
population  by  becoming  sexually  mature  at  a  smaller  size.  On  the  other 
nand,  the  highe"  fecundity  exhibited  by  the  Cren i chthvs  populations  at 
Crystal  and  Hot  Creek  springs  may  represent  differences  between 
populations  that  3re  unrelated  to  competitive  interactions.  ^emale 
Cren i cnthys  ba i I ev i  produce  6-20  eggs  probablv  twice  during  the  course  of 
a  year .  nJrrner  discussion  of  spawning  periodicity  and  fecundity  in  White 
River  springfish  is  available  in  Espinosa  (1968). 

Studies  of  the  physiological  and  behavioral  ecology  of  Cren i chthvs 
ba i I ev i  also  have  shown  some  interesting  variation.  The  metabolic  rate  of 
springfish  living  in  cooler  waters  is  apparently  niqher  (when  tested  at 
tne  same  temperature)  than  it  is  for  springfish  from  warmer  habitats 
(  Hillyard,  (  In  press  ) ;  Hubbs  et  al.,  1957;  Sumner  and  Sargent,  19^0; 
Sumner  and  Lanham,  1942).  Cool  adapted  animals  were  unable  to  survive  the 
conditions  o *  low  oxygen  and  high  temperaTure  occupied  permanently  by  warm 
adapted  animals.  Hubps  et  al.  (1967)  and  Deacon  and  Wilson  (1967) 
demonstrated  that  activity  periods  of  springfish  can  be  influenced  by 
Temperature,  dissolved  oxygen,  and  the  presence  or  absence  of  introduced 
f i shes . 


The  Railroad  Valley  springfish  (  Crenichthys  nevadae  )  was  described 
by  Hubbs  (1932).  Hubbs  et  at.  (1967)  examined  the  influence  of  oxygen 
concentration  and  light  on  activity  cycles  of  the  species.  Hardy  (1980b) 
comments  on  a  transplant  made  by  the  Nevada  Department  of  Wildlife  into 
Chimney  Springs  in  Railroad  Valley.  He  also  records  the  recent 
introduction  of  mosauitofish  (  Gambus i a  a  f  f i n  i  s  )  into  the  headwaters  of 
Duckwater  Spring.  Distribution  of  Cren i cnthys  nevadae  is  known  but  most 
other  aspects  of  its  life  history  have  not  been  examined. 


Our  studies  on  the  fish  focused  on  determination  of  population  size, 
population  structure,  food  habits,  and  habi+at  preference.  Where 
possible,  we  have  examined  historical  data  in  an  effort  to  clarify  the 
probable  consequences  of  M  X  development  in  the  area. 


POPULATION  DATA 


MATERIALS  ANO  METHCOS 

Fish  were  collected  at  °res+on  Big  Spring  and  Lockes  Ranch  Spring 
during  June  by  shocking  20  meter  sections  of  stream  with  a  110  volt  AC 
generator.  A  15  1  x  6  x  1/4"  mesh  nylon  blocking  seine  was  placed  at  the 
downstream  end  of  each  shocking  strip  and  then  three  consecutive  passes 
were  made  through  the  habitat.  Fish  were  removed  after  each  pass  and  held 
in  buckets.  Once  a  strip  had  been  shocked,  fish  were  measured  to  the 
nearest  millimeter  of  total  length,  the  caudal  fin  was  clipped,  and  the 
fish  returned  to  quiet  water  at  the  downstream  side  of  the  area  sampled. 
This  procedure  was  repeated  twice  over  the  entire  habitat  to  obtain  mark 
and  recapture  ratios  so  that  population  densities  could  be  calculated  by 
the  Peterson  method  as  presented  in  Ricker  (1975).  Shoshone  ponds,  Preston 
Big  Spring,  and  Lockes  Ranch  Spring  were  collected  during  the  study  by 
using  minnow  traps  baited  with  liver-flavored  cat  food.  Population 
densities  and  structure  were  analyzed  by  the  methods  described  above. 
Density  of  the  fish  populations  at  Pahranagat  were  obtained  by  direct 
counting  procedures.  Both  underwater  and  surface  counting  were  employed  in 
tandem  over  each  consecutive  5  meter  section  of  habitat.  Population 
structure  for  June  only  was  provided  by  hand  seining  selected  habi+ats  and 
recording  total  length  as  mentioned  above.  Length  classes  were  created  by 
combining  fish  into  size  intervals  of  3  millimeters  beginning  with  0-1-2 
mn  total  length.  This  serves  to  smooth  the  length-frequency  curves 
somewhat  and  allows  assessment  of  population  structure.  Length  classes  are 
reported  as  the  median  length  of  a  given  class  interval. 

Habitat  parameters  such  as  depth,  current,  substrate,  and  temperature 
were  taken  from  the  habitat  morphometry  data  and  were  used  to  calculate 
the  area  sampled,  mean  depth,  mean  current,  and  predominant  substrate 
types  for  each  section  of  habitat  sampled  by  shocking.  Fish  data  were 
standardized  for  these  collections  by  calculating  the  number  of  fish  per 
meter  squared  of  habitat  sampled.  Habitat  values  specific  to  trapping 
locations  were  recorded  at  the  end  of  each  trap  interval  and  fish 
densities  recorded  as  number  per  trap  hour  for  each  trap  locality.  Data 
were  analyzed  by  comparing  the  respective  densities  of  a  particular 
species  with  environmental  parameters  such  as:  habitat  type,  substrate, 
current,  or  deoth  of  capture.  Statistical  analyses  were  performed  by 
S.P.S.S.  (  Statistical  Package  for  the  Social  Sciences  ).  Visual 
observations  were  made  on  all  species  for  reproductive  condition  and 
spawning  behavior  in  the  habitat.  Length-frequency  diagrams  were  used  to 
assess  relative  ag9  structure  of  the  particular  species.  Other  general 
observations  such  as  activity  cycles,  presence  or  absence  of  predators, 
and  inter / i ntra-spec i f ic  interaction  were  recorded  in  the  field  diary. 

Egg  surveys  were  conducted  at  Preston  Big  and  Lockes  Ranch  springs 
during  each  sampling  round  by  examining  various  substrates  for  their 
presence.  Standardized  vegetation  cores  were  taken  at  these  springs  in 
September  in  an  effort  to  quantify  the  distribution  and  abundance  of  the 
eggs  on  various  substrates  and  locations  within  the  habitat.  Visual 
feeding  experiments  were  conducted  on  Gi I  a  robusta  Jordan i  during  August 
and  September  in  an  effort  to  establish  food  preference  patterns. 
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RESULTS  AND  DISCUSSION 


3reston  3ic  Soring 


Rh i n i chthys  oscu I  us 

The  Peterson  population  estimate  for  the  June  shocking  data  was  3066 
+/-  650.  This  is  in  close  agreement  with  the  Peterson  estimates  obtained 
by  trapping  in  July  through  September  which  were  as  follows:  3985  +/-  300 
in  July,  2856  +/-  183  for  August,  and  3210  +/-  211  in  September.  The 
August  estimate  is  slightly  lower  than  July  but  not  significantly 
different  from  June  or  September.  Table  24  gives  summary  data  for  trapping 
results  at  this  spring  and  demonstrate  that  there  was  no  significant 
difference  in  the  mean  number  per  trap  hour  for  any  of  these  sampling 
periods.  Figure  E-1  demonstrates  a  shift  in  population  structure  during 
the  summer  sampling  period.  The  shift  appears  to  be  largely  due  to  growth 
of  individuals  in  the  population  sampled  in  June.  Little  evidence  exists 
of  recruitment  of  a  significant  number  of  young  of  the  year  subsequent  to 
June.  Some  fry  and  fingerling  dace  were  observed  during  all  four  sampling 
per i ods. 

Dace  consistently  showed  a  significant  reduction  in  number  per  trap 
hour  below  transect  50  during  each  sampling  round.  This  is  primarily  a 
response  to  significantly  higher  current  speeds  in  this  area  of  the 
habitat.  The  electivity  curves  for  the  response  of  dace  to  current  and 
depth  are  given  in  Figures  E-2  and  3.  In  general,  as  current  speed 
increased  and  depth  decreased,  the  number  per  trap  hour  declined.  This 
pattern  held  true  for  each  sampling  round.  Significantly  higher  numbers 
per  trap  hour  were  collected  in  the  marginal  habitats  during  each  sampling 
round.  This  reflects  a  response  to  differences  in  current  speed  and 
available  cover.  Dace  showed  no  preference  to  any  substrate.  Since 
temperature  and  oxygen  levels  were  so  consistent  throughout  the  habitat, 
no  significant  difference  in  dace  distribution  resulting  from  variability 
in  temperature  or  oxygen  could  be  discerned. 

Examination  of  available  substrates  for  eggs  during  September  was 
unsuccessful  within  the  study  area  but  several  were  found  adhesive  upon 
Utr i cu l ar i a  sp.  200  meters  down  the  outflow.  Fry  and  fingerling  were  most 
common  during  June  through  August  though  many  were  still  evident  in 
September.  They  were  entirely  confined  to  the  e<treme  lateral  auiet  waters 
of  the  stream  course  where  dense  mats  of  emergent  Sci rpus  sp.  and 
watercress  provided  adequate  cover.  Several  collections  within  each 
sampling  round  showed  that  young  dace  were  consistently  the  most  abundant 
in  these  microhabitats.  There  were  no  specific  recordings  of  actual 
spawning  behavior  during  our  investigation  though  breeding  colors  were 
persistent  from  June  through  August.  The  number  of  individuals  with 
breeding  colors  had  greatly  diminished  in  the  September  collections.  Dace 
exhibited  schooling  behavior  throughout  the  study  and  could  be  observed 
feeding  on  drift  as  well  as  "diving"  into  algal  mats  or  other  aquatic 
vegetation.  Dace  did  not  show  any  aggressive  behavior  toward  Cren i chthvs 
bai leyi  but  did  move  out  of  areas  occupied  by  Catostpmus  c  l  ark  i . 

Historical  data  collected  at  this  soring  by  Dr.  James  Deacon  in  1955 
and  1965  showed  that  the  White  River  springfish,  Cren i chthys  bai levi ,  was 
the  most  abundant  species  and  that  the  speckled  dace  was  the  second  mos+ 


dominant  species.  Our  study  shows  that  the  speckled  dace  and  springfish 
have  reversed  their  dominance  but  that  the  total  number  per  meter  square 
of  all  fish  has  remained  unchanged.  This  suggests  that  the  total  carrying 
capacity  of  this  system  has  remained  stable  over  the  last  15  years. 
Deacons  data  also  demonstrated  that  the  mean  number  of  dace  per  meter 
square  also  decreased  below  transect  60.  This  again  is  primarily  a 
response  to  higher  current  speeds  and  reduced  available  cover.  The  severe 
habitat  alterations  discussed  under  habitat  morphometry  apparently  did  not 
affect  the  dace  population. 


Cren Ichthys  bai lev 


The  use  of  shocking  gear  at  this  spring  in  June  apparently  resulted 
in  selection  against  springfish.  Their  utilization  of  heavily  vegetated 
areas  did  not  permit  adequate  sampling  and  the  variance  associated  with 
the  population  estimates  gave  unreliable  results.  The  number  of  captures 
were  so  low  that  further  statistical  treatments  were  not  possible  for  this 
data  set.  The  use  of  traps  during  subsequent  sampling  periods  proved 
adequate  in  obtaining  sufficient  numbers  of  springfish  to  allow  a 
statistical  analysis  of  population  size.  The  Peterson  population  estimates 
for  the  July  through  September  data  are  as  follows:  1674  +/-  240  in  July, 
1202  +/-  251  in  August,  and  1380  +/-  470  in  September.  There  is  no 
significant  difference  between  the  estimates.  There  was  also  no 
significant  difference  in  the  mean  number  per  trap  hour  during  the  July 
through  September  sampling  (Table  24).  Figure  E-4  demonstrates  that  a 
shift  in  population  structure  did  occur  during  the  summer  sampling  period. 
In  general,  as  the  summer  progressed,  the  percentage  of  larger  fish  in  the 
sampler  decreased  while  the  percentages  of  smaller  fish  increased.  This 
pattern  demonstrates  that  recruitment  and  growth  were  occurring  throughout 
the  summer  and  that  there  was  probably  post-reproducti ve  mortality  in  the 
adult  population. 


Springfish  showed  a  consistent  drop  in  the  mean  number  per  trap  hour 
below  transect  60  for  all  of  the  collections.  As  with  the  speckled  dace, 
this  is  a  response  to  both  significantly  higher  current  speeds  and  lack  of 
calm  water  with  dense  mats  of  aquatic  vegetation.  This  also  accounted  for 
significantly  higher  densities  along  the  western  and  eastern  boundaries  of 
the  spring  where  quiet  water  refugia  are  well  developed.  Figure  E-5  and  6 
show  the  response  of  springfish  to  current  and  depth  for  all  the 
collections.  This  pattern  was  consistent  for  each  of  the  sampling  rounds. 
Springfish  showed  a  slight  preference  for  softer  substrates  which  are  only 
found  in  the  quiet,  slow  current  portions  of  the  habitat  (Table  24). 


Spawning  behavior  was  not  observed  during  the  course  of  field  studies 
though  breeding  colors  were  noted  during  all  sampling  rounds.  Examination 
of  extensive  quiet  water  areas  during  all  months  resulted  in  observations 
of  only  a  few  springfish  finger  ling  and  fry.  The  reproductive  success  in 
this  species  was  notably  less  than  that  of  the  speckled  dace  during  June 
through  September,  1980.  Whether  this  has  resulted  in  a  lower  population 
size  than  occurred  in  1965-66  is  unknown.  We  suspect,  however,  that 
habitat  factors  are  involved  in  the  observed  reversal  of  dominance,  rather 
than  changes  in  biological  characteristics  of  Creni chthys  bai ley i  . 
Springfish  were  not  observed  integrating  with  schools  of  speckled  dace  and 
were  often  seen  moving  out  of  an  area  when  approached  by  other  species. 
Often  a  vast  majority  of  a  single  trap  catch  would  be  dominated  by  a 
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Table  24.  Summary  statistics  for  trapping  data  at  Preston  Big  Soring 
July  through  September,  1980.  Means  and  standard  errors  are  in  number 
per  trap  hour.  An  *  indicates  a  significant  difference  at  the  95% 
confidence  interval. 


Crenichthvs  baileyi 


Rhinichthys  osculus 


PARAMETER 

MEAN 

STD.  ERROR  N 

PARAMETER 

MEAN 

STD.  ERROR 

N 

SUBSTRATE 

mud 

8.9* 

2.1 

12 

mud 

35.5 

9.0 

12 

sand 

2.6 

0.6 

9 

sand 

11.2 

2.8 

9 

sand/mud 

7.0* 

1.2 

27 

sand/mud 

26.9 

6.2 

27 

sand/gravel 

2.9 

0.7 

66 

sand/gravel 

10.2 

1.6 

66 

rock/gravel 

1.4 

1.1 

6 

rock/gravel 

14.9 

7.1 

6 

unidentified 

8.3 

3.6 

3 

unidentified 

27.2 

8.2 

3 

DATE 

July 

4.7 

0.8 

51 

July 

12.1 

2.1 

51 

August 

5.5 

1.3 

36 

August 

18.2 

3.4 

36 

September 

3.0 

0.7 

36 

September 

23.0 

5.1 

36 

TRANSECT 

tran.  20 

9.6 

2.6 

9 

tran.  20 

25.1 

6.3 

9 

tran.  35 

7.4 

2.0 

9 

tran.  35 

12.5 

3.7 

9 

tran.  50 

5.2 

2.2 

9 

tran.  50 

10.0 

1.9 

9 

tran.  65 

3.4 

1.3 

9 

tran.  65 

13.8 

7.9 

9 

tran.  80 

0.4 

0.2* 

9 

tran.  80 

7.5 

3.0 

9 

tran.  95 

0.5 

0.3* 

9 

tran.  95* 

1.9* 

0.5 

9 

TRAP 

LOCATION 

east  edge 

3.8 

1.1 

18 

east  edge 

14.1 

5.2 

18 

middle 

2.6 

1.0 

15 

middl e 

11.6 

3.1 

15 

west  edge 

7.2 

1.8 

18 

west  edge 

10.5 

1.7 

18 

single  size  class.  This  may  indicate  that  only  fish  of  similar  size  (age) 
school  together.  No  specific  observations  of  feeding  behavior  were  made  in 
springfish,  primarily  due  to  their  utilization  of  dense  cover  most  of  the 
time. 


Visual  observations  during  September,  suggested  that  the  habitat 
modifications  by  cattle  may  have  had  a  detrimental  effect  on  the 
springfish.  Fewer  specimens  were  observed  and  there  did  not  appear  to  be 
as  many  individuals  in  the  traps.  However,  statistical  analysis  showed 
that  there  was  no  difference  in  either  numbers  per  trap  hour  or  population 
estimates  from  previous  months. 

To  our  knowledge,  Cren ichthys  bai I ey i  continues  to  exist  throughout 
its  known  historical  range  with  the  exception  of  Hiko  Spring,  where  it  has 
been  extirpated.  Several  other  populations  are  considerably  diminished  in 
size  as  a  result  of  habitat  modifications  and  introduction  of  exotic 
species  by  man.  Additional  Information  on  the  status  of  Cren i chthys 
bai ley i  popu I  at  ions  is  available  in  Hardy,  1980;  Deacon,  1980;  Deacon,  et 
al.  1979;  and  Williams  and  Wilde,  (In  press). 

Leoi domeda  a  I b i val I  is 


Historical  data  collected  during  1965-66  indicated  that  this  species 
was  not  common  but  that  specimens  were  regularly  collected.  Extensive 
shocking  in  June  and  trapping  and  hand  seining  in  July  through  September 
failed  to  produce  a  single  specimen.  The  loss  of  this  species  is  probably 
a  result  of  the  diversion  of  the  outflow  into  underground  oipes  and 
habitat  disruptions  throughout  the  remainder  of  the  spring  system.  Visual 
observations  at  a  spring  just  southwest  of  Preston  9ig  Spring  did  not 
produce  any  sightings  of  this  species.  Lund  Town  Spring  is  currently  the 
only  known  habitat  still  retaining  the  spinedace  in  Upper  White  River 
Valley.  The  presence  of  specimens  in  several  other  springs  in  -‘■he  vicinity 
of  Preston  has  not  been  confirmed  within  the  last  10  years.  Fur+her  field 
reconnaissance  is  recommended  for  this  species. 


Catostomus  clarki 


Very  few  specimens  of  the  White  River  sucker  were  observed  within  ■‘■he 
study  area  during  any  of  the  sampling  rounds.  Visual  counts  ranged  from 
just  over  20  in  June  to  less  than  5  in  September.  Extensive  shocking  3nd 
hand  seining  on  several  occasions  failed  to  produce  any  young  of  the  year 
or  more  than  a  few  adults  from  the  entire  spring.  The  population  of 
suckers  in  this  spring  is  certainly  below  50  and  may  be  considerably 
lower.  This  species  could  become  extirpated  at  Preston  3 i g  Spring  within 
the  next  few  years. Efforts  should  be  initiated  immediately  to  assess  the 
current  distribution  and  population  status  of  the  remaining  populations 
within  the  upper  White  River  Valley,  Collections  by  Deacon  in  1965-66 
indicate  that  this  species  was  more  abundant  at  that  time.  Lund  Town 
Spring  currently  contains  a  small  population  of  suckers.  This  is  the  only 
spring  within  this  valley  that  has  been  checked  in  the  last  few  years, 
further  work  is  necessary  to  assess  the  status  of  this  species  over  its 
current  range.  Reasons  for  the  decline  in  Preston  Big  Spring  are  probably 
similar  to  these  listed  under  leoidomeda  albivallis. 
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Lockes  Ranch  Spring 
Crenichthvs  nevadae 


The  Pe+erson  population  estimate  for  the  June  shocking  data  was  11393 
+/-  4700  and  is  in  close  agreement  with  the  July  trapping  data  which 
yielded  an  estimate  of  12788  +/-  2500.  Both  of  these  estimates  are 
somewhat  higher  than  the  August  and  September  trapping  estimates  which  are 
as  follows:  7309  +/-  1156  in  August  and  7792  +/-  822  in  September.  The 
discrepancy  in  the  estimates  may  result  from  relatively  low  recapture 
rates  in  the  first  two  samples,  from  high  mobility  of  this  species  in  the 
system,  or  from  a  tendency  of  the  species  to  occupy  downstream  marshy  or 
slower  water  habitats  during  the  summer  but  rely  more  strongly  on  warmer 
headwater  areas  during  winter  and  spring.  There  were  increasing  mean 
numbers  per  trap  hour  in  the  July  through  September  trap  samples  with 
September  showing  a  significantly  higher  trapping  success  rate  than  the 
previous  two  months  (Table  25).  The  increased  trap  catch  in  September, 
with  a  lower  population  size  than  existed  in  July,  is  puzzling.  Derhaps 
for  some  reason  the  springfish  tend  to  move  more  extensively  in  the  fall 
of  the  year  than  during  the  summer.  If  so,  it  would  be  consistent  with  the 
suggestion  made  above  that  they  rely  more  strongly  on  (and  therefore  tend 
to  move  into)  the  warmer  headwaters  habitat  in  the  winter. 

Figure  E-7  illustrates  the  population  structure  for  soringfish  during 
the  summer  from  June  through  September.  This  I ength-freauency  figure 
indicates  that  reproduction  and  recruitment  into  the  adult  population  is 
occurring  consistently.  The  presence  of  young  in  these  samples  shows  that 
spawning  activity  has  been  going  on  for  several  months  and  is  continuing. 
It  is  apparent  in  Figure  E-7  that  young  were  more  prominent  in  the 
popular  ion  in  June  than  was  true  later  in  the  summer.  It  also  appears  that 
adult  mortality  was  greeter  in  September  than  earlier  in  the  summer.  This 
suggests  that  even  though  there  appears  to  be  an  extended  spawning  season 
in  this  constant  temperature  spring,  spawning  intensity  increases  in  the 
spring.  Eggs  were  located  along  the  margins  of  the  Sci rpus  beds  throughout 
the  study  site  during  all  months.  They  were  found  almost  exclusively  on 
Utr i cu l ar i a  sp.  The  highest  densities  of  eggs  were  found  at  transects 
95— 1 00  on  the  east  and  west  margins  of  the  spring  channel  where  extensive 
shallow  areas  supported  well  developed  mats  of  Utr i cu I ar i a.  No  spawning 
activity  was  observed  during  the  course  of  our  observations.  Eqas  appeared 
to  be  more  abundant  in  June  than  in  September.  This  impression  is 
consistent  with  benthic  invertebrate  data  (Appendix  C),  where  egg 
collections  were  icluded  in  the  analysis. 

In  general,  springfish  showed  increasing  densities  as  one  moved  down 
the  outflow  from  the  spring  pool.  This  pattern  was  consistent  for  each  of 
tne  sampling  rounds  and  is  a  consequence  of  several  factors.  The 
availability  of  shallow,  marginal  habitats  with  aquatic  macrophyte  growth 
increases  significantly  as  one  proceeds  down  the  outflow.  At  these  lower 
transect  locations,  from  30  through  100,  the  fish  utilized  all  areas  of 
the  stream  course.  However,  at  the  spring  pool,  fish  congregated  along  the 
margins  of  the  Sc i rpus  beds  where  a  boundary  ' ayer  of  cooler  water  with 
higher  oxygen  levels  is  associated  with  the  emergent  vegetation.  Fish, 
when  released  into  the  main  pool  after  having  been  in  the  trap  for  a 
period  of  time,  would  often  surface  and  expose  the  dorsal  aspect  of  their 
head  while  ventilating  *heir  gills  at  *he  air/water  interface.  This 
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Table  25.  Summary  statistics  of  trapoing  data  for  Crenichthys  nevadae 
at  Lockes  Ranch  Spring,  July  through  September,  1980.  Means  and  standard 
errors  are  in  number  per  trap  hour.  An  *  indicates  a  significant  difference 
at  the  955  confidence  interval. 


PARAMETER 

MEAN 

STANDARD  ERROR 

N 

SUBSTRATE 

mud 

13.3 

3.1 

57 

travertine  sand 

18.6 

2.3 

96 

DATE 

July 

10.4 

2.4 

68 

August 

15.4 

2.5 

48 

September 

29.8* 

4.8 

37 

TRANSECT 

tran.  5 

7.2 

1.5 

30 

tran.  15 

12.6 

3.8 

15 

tran.  25 

12.0 

4.2 

11 

tran.  30 

12.5 

9.6 

8 

tran.  35 

21.7 

7.1 

7 

tran.  40 

2.1 

1.0 

4 

tran.  45 

31.3* 

7.6 

8 

tran.  50 

7.6 

1.3 

8 

tran.  55 

7.6 

2.0 

7 

tran.  60 

2.4 

0.5 

4 

tran.  65 

32.2* 

8.5 

7 

tran.  75 

16.7 

7.2 

15 

tran.  85 

22.1 

7.6 

11 

tran.  95 

35.9* 

10.9 

14 

tran. 100 

39.1 

18.2 

4 

behavior  continued  for  several  seconds  before  me  fish  would  seek  refuge 
in  rne  cooler,  more  oxygenated  waters  in  tne  aquatic  vege+atio.i.  Oxygen 
concentrations  also  tend  to  increase  and  temperatures  decrease  downstream, 
especially  in  tne  quiet  marginal  habitats.  These  facts  account  for  the 
significantly  higher  aensities  of  springfish  along  the  margins  of  the 
spring  outflow  rather  than  in  mid-channel  for  all  of  the  sampling  rounds. 
The  response  of  springfish  to  current  and  depth  can  be  found  in  Figures 
E-8  and  9.  In  general,  as  current  speeds  increase,  densities  decreased. 
The  response  to  depth  is  bell-shaped  and  demonstrates  avoidance  of  shallow 
water  with  high  current  speeds,  as  welt  as  deep  waters  in  the  main  pool 
when  temperatures  are  high  and  oxygen  is  low. 

Feeding  behavior  was  observed  on  many  occasions  during  the  course  of 
our  field  collections.  Springfish  would  often  dive  into  and  pull 
vigorously  on  strands  of  algae,  as  if  specifically  in  pursuit  of  selected 
prey  items.  Many  times,  the  fish  apparently  were  feeding  on  drift, 
attnougn  no  specific  food  items  could  be  discerned. 


ShosnoneNorth  Fond 

Enp i tr i chthvs  I atos  l atos 

The  cetersor  population  estimates  for  June  through  September  are  as 
follows:  1148  +/-  115  in  June,  918  +/-  95  in  July,  817  +/-  81  in  August, 
and  952  */-  9C  in  September.  These  estimates  represent  a  very  stable 
population.  Stability  is  also  evident  in  the  population  structure  as 
presented  in  rigure  E  —  1 0 .  There  is  no  significant  difference  (.05)  between 
any  of  me  mon*ns,  tnougn  a  slight  shift  to  the  right  in  the  percentages 
oi  large'  fish  does  indicate  growth  over  the  summer  sampling  period. 
September  da*a  a-e  no*  presented  due  to  the  high  incidence  of  previously 
clipped  caudal  fins  n  the  sample.  There  was  no  significant  difference  in 
the  mean  number  pe'  t-ap  hour  during  any  of  the  months  sampled. 

Since  me  initial  introduction  of  50  killifish  in  August,  1976,  the 
population  has  only  received  sporadic  monitoring.  Population  estimates 
conducted  on  April  26-27,  1977,  showed  that  the  population  had  increased 
68416  to  392  individuals  (  Logan,  personal  communication,  1977  ).  9y 
October  27,  1977,  the  population  had  increased  to  702  (  Selby,  personal 
communication,  1977  ).  "Status"  of  the  population  was  reported  by  Hardy 
(1979)  but  no  population  estimates  were  available.  The  density  of 
killifish  demonstrated  here  suggests  that  the  population  may,  by  October, 
be  very  near  the  level  estimated  by  Selby.  This  further  suggests  that  the 
species  expanded  to  about  long-term  carrying  capacity  within  its  first 
year  of  existence  in  Shoshone  North  Pond.  Length-frequency  analysis 
performed  on  the  June  through  August  data,  indicates  that  reproduction  and 
recruitment  occurred  prior  to  June.  Spawning  probably  takes  place  in  March 
or  April.  We  did  not  observe  spawning  behavior  or  fry  in  our  June  - 
September  sampling  at  Shoshone  North  Pond.  The  fact  that  the  killifish  did 
not  show  any  preference  pattern  related  to  depth  (synonymous  with  trap 
location)  in  the  pond  is  consistent  with  field  observations  made  on  this 
species  in  its  native  habitat  at  Manse  Ranch,  where  it  utilized  all  areas 
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of  the  spring  (  Selby,  oersonal  communication,  1976  ).  Deacons 
observations  at  Manse  Spring  in  1961-67,  however,  suggested  a  slight 
preference  for  the  deeper  water  habitats.  Studies  by  Selby  indicated  that 
in  transplanted  populations  the  young  are  more  active  during  the  daylight 
hours  and  the  adults  are  more  active  at  night  (ibid).  The  trapping  data 
collected  by  our  group  did  not  show  this  trend  but  this  may  be  a  result  of 
the  absence  of  very  young  fish. 


Outflow  of  Ash  Spring 

The  visual  counts  for  all  species  during  each  sampling  round  can  be 
found  in  Tables  E-1  through  E-4. 

Gila  robusta  jordan i 

The  chub  population  found  within  the  study  area  during  the  June 
throuqh  August  sampling  rounds  was  fairly  stable  and  contained  a  large 
percentage  of  young  of  the  year.  No  discernable  change  could  be  detected 
in  the  adult  population  over  the  summer,  however,  young  of  the  year  almost 
completely  disaooeared  from  the  September  counts,  causing  a  dramatic 
decline  in  the  total  population.  Whether  these  individuals  moved  further 
upstream  or  died  is,  as  yet,  undetermined.  At  this  time, the  success  of 
recruitment  into  the  adult  population  cannot  be  judqed,  but  winter 
mortality  of  the  young  chubs  must  be  high,  since  there  are  so  few  large 
adults  in  the  population.  Young  chubs,  prior  to  September,  made  ud  over 
90?  of  the  total  population  estimated  to  be  under  250  individuals.  The 
September  estimates  are  about  one  half  this  number. 

Adult  chubs  were  only  found  in  a  deep  hole  with  undercut  banks  at 
station  50.  Adults  were  never  observed  in  the  shallow  runs  on  either  side 
of  this  habiTat  and  only  ventured  a  few  meters  from  under  the  bank,  during 
foraging  behavior.  Juveniles  and  young  of  the  year  were  observed 
throughout  the  entire  100  meter  section  but  were  in  their  highest  density 
in  the  deep  hole  at  station  50.  The  smaller  specimens,  about  21  mm  in 
total  length,  could  be  observed  in  schools  with  speckled  dace  in  the 
deeper  portions  of  the  stream.  Solitary  individuals  or  schools  of  up  to  10 
specimens  could  be  found  in  the  swifter,  shallower  areas  of  the  stream  but 
were  very  mobile,  preferring  the  cover  of  undercut  banks  and  snags  with  a 
heavy  growth  of  periohyton.  Most  observations  of  young  chubs  were  made  in 
the  deeper  sections  of  the  stream  and  none  were  found  in  the  shallow  quiet 
water  where  mollies  and  mosquito  fish  reach  their  maximum  densities. 
Solitary  individuals  were  the  exceptions  with  schools  ranging  from  3  to  1 5 
individuals.  Larger  schools  of  more  than  25  individuals  occasionally  were 
seen  in  the  hole  at  station  50.  Frequently,  chubs  were  observed  schooling 
with  speckled  dace.  Seme  of  the  adult  chubs  still  retained  breeding 
coloration  in  August,  though  no  spawning  attempts  were  observed.  Careful 
examination  of  extensive  shallow,  slow  current  areas  failed  to  reveal  any 
larval  chubs.  This  suggests  that  peak  reproduction  occurred  prior  to  June. 
A  majority  of  the  young  chubs  were  in  the  range  of  30  to  100  millimeters 
in  total  length.  Some  individuals  ranged  in  sire  up  to  200  mm  and 
undoubtedly  are  two  or  more  years  old.  Several  of  the  larger  adults  were 
over  300  millimeters  in  total  length. 
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Reeding  experiments  conducted  in  August  and  September  showed 
conflicting  results  for  food  preference  patterns.  Visual  observations  made 
on  the  chubs  clearly  revealed  that  they  feed  on  drift  and  would  often  be 
seen  darting  at  passing  "items"  which  were  sufficiently  small  that  they 
could  not  be  observed  even  with  close-up  underwater  movies.  Several  taxa 
of  aquatic  invertebrates  were  released  into  the  chub  hole  at  transect  50 
both  in  August  and  September.  Chubs  ignored  such  potential  food  items  as 
odonata  nymphs  and  adults,  adult  molluscs,  and  injured  larval  fish. 
Terrestrial  adult  dipterans,  however,  were  taken  approximately  40?  of  the 
time.  The  presence  of  a  diver  in  the  water  and/or  the  lights  attached  to 
the  underwater  camera  may  have  inhibited  the  chubs  in  their  feeding 
response.  The  animals  did  not  show  any  fluctuations  in  their  activity 
patterns  during  any  of  the  observation  rounds. 

Rh i n i chthys  oscu I  us 

The  speckled  dace  was  the  most  abundant  native  species  during  June 
and  July.  The  August  and  September  counts  showed  a  dramatic  decline  like 
tnat  oDserved  in  the  chubs.  Again,  the  reason  is,  as  yet,  undetermined, 
“igure  £-11  shows  the  population  data  obtained  from  the  June  collections. 
This  figure  demonstrates  that  reproduction  had  occurred  prior  to  this 
sampling  round.  There  were  few  observations  of  any  individuals  in  breeding 
color  in  June  through  September,  suggesting  that  reproduction  had  already 
occurred.  No  spawning  behavior  was  observed.  Dace  were  only  occasionally 
observed  in  shallow  sections  of  the  habitat  and  preferred  the  deep, 
vegetated  banks.  Again,  as  with  the  chubs,  solitary  individuals  were  the 
exception.  Dace  were  commonly  found  in  groups  of  3  to  schools  of  60  or 
more,  oriented  upstream  behind  we  I  I -deve I  oped  snags  and  protruding  banks. 
They  did  not  appear  to  mind  the  presence  of  young  chubs  of  similar  size 
classes  but  would  move  when  a  larger  fish  of  any  species  came  close, 
reeding  was  observed  on  many  occasions  and  was  primarily  oriented  toward 
drift.  Some  individuals  were  observed  diving  into  algal  mats,  apparently 
after  potential  food  items. 

Cren i chthys  bai leyi 

The  White  River  springfish  was  only  observed  on  three  occasions.  Its 
occurrence  in  this  section  of  the  stream  may  be  "accidental".  Its  highest 
densities  occur  within  the  spring  pools  and  their  immediate  outflows. 
Since  the  introduction  of  mollies  and  cichlids  in  1964,  populations  of 
springfish  in  spring  pools  have  declined  dramatically,  Hubbs  and  Deacon 
(1964),  Deacon  and  Wilson  (1967).  While  springfish  densities  in  this 
outflow  were  probably  never  high,  some  evidence  suggests  it  was  formerly 
more  common  than  now.  It  is  interesting  to  note  that  in  May  of  this  year, 
a  male  springfish  was  observed  attempting  to  mate  with  a  mexican  molly. 
This  misplaced  reproductive  effort  may  have  contributed  to  the  reduction 
in  springfish  population  size  following  introduction  of  the  molly. 

Gambusia  af f inis 

This  species  was  almost  entirely  confined  to  the  quiet  waters  at  the 
shallow  edge  of  the  stream  in  and  around  transects  55  through  60  and  25 
through  40.  The  mosquitofish  was  never  observed  utilizing  mid  or  bottom 
waters  and  rarely  ventured  more  than  a  meter  away  from  the  sides  into 
swifter  current.  Mosquitofish  are  probably  underestimated  by  our  visual 
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counts  because  some  shallow  areas  occupied  by  this  species  could  not  be 
viewed  adequately. 

This  species  along  with  Poec ilia  mex i can a  have  a  high  potential  to 
impact  the  native  fish  in  this  system.  Because  of  its  utilization  of  the 
extreme  lateral  habitats  and  their  known  carnivorous  habits,  predation  on 
la'-val  fish  is  almost  a  certainty.  At  no  time  in  our  field  studies  did 
their  reproductive  effort  appear  to  decline.  Young  were  always  numerous 
and  spawning  behavior  was  common  during  all  times  of  the  day.  The  feeding 
response  of  this  species  was  very  aggressive  to  any  surface  disturbance 
and  "swarming"  was  common. 

Poec ilia  mex i cana 

The  shor+fin  molly,  since  its  introduction  in  1964,  has  become  the 
second  most  abundant  species  in  this  system.  The  highest  densities 
occurred  in  the  quiet  shallow  areas  where  it  occupied  the  mid  and  bottom 
portions  of  the  water  column.  In  the  swifter  portions  of  the  stream  it  was 
observed  along  the  bottom  in  and  about  the  aquatic  vegetation.  Mollies 
almost  always  occurred  in  schools  of  5  or  more  and  intensely  pursued  food 
items  introduced  into  the  water.  Soawninq  behavior  was  observed 
continually  throughout  the  study.  Most  of  the  quiet  water  areas  were 
saturated  with  young  and  it  is  important  to  note  that  even  a  minor 
reduction  in  water  would  result  in  dense  concentrations  in  the  remainder 
of  the  available  habitat.  This  occurs  i ntermittentl y  at  present  as  a 
result  of  irrigation  diversions  upstream  from  the  study  area.  This  may  be 
one  factor  preventing  mollies  from  becoming  the  most  abundant  species  in 
the  habitat. 

Cvor i nus  carp io 

Several  adult  and  young  carp  were  observed  in  and  about  the  study 
area  during  all  of  the  sampling  rounds.  These  fish  did  not  tolerate  the 
presence  of  people  in  the  water  and  would  move  out  of  an  area  immediately 
when  we  entered  the  water.  They  were  not  observed  to  return  to  the  habitat 
after  the  initial  movement.  Little  direct  observation  was  therefore 
possible  on  their  influence  with  the  other  species  in  the  system.  The  fact 
that  it  is  an  exotic  and  reproducing,  suggests  that  it  is  competing  for 
both  space  and  food  resources. 

Ci ch I asoma  n i qrof asc i atum 

The  convict  cichlid  was  introduced  into  this  system  around  1964  and 
has  expanded  to  become  the  most  numerous  and  widespread  of  any  fish 
species.  Their  nesting  behavior  and  aggressive  protection  of  the  younq  has 
undoubtedly  led  to  this  success  (Tables  E-1  through  4).  in  June  through 
September,  the  study  area  supported  an  average  of  more  than  1  nest  per 
square  meter.  Nests  were  not  only  vigorously  defended  against  other 
c i ch lids  but  against  other  species  as  well.  Young  of  the  year  were 
numerous  during  all  collections  and  all  size  classes  were  represented  in 
the  population. 

In  general,  the  cichlids  did  not  demonstrate  a  preference  for  a 
particular  habitat  type,  although  the  highest  densities  were  usually  in 
shallow,  calm  water.  The  largest  adults  utilized  very  swift  water  in  the 


main  channel  on  a  regular  basis,  although  many  could  s+ill  be  observed  in 
tne  shallows.  Cichlid  schools  were  common  during  both  months  and  would 
usually  contain  a  relatively  uniform  size  distribution  within  a  given 
school,  "ish  less  than  21  millimeters  in  total  length  were  never  observed 
out  of  the  nest.  Fish  I araer  than  this  could  be  seen  venturing  a  fair 
distance  but  when  disturbed,  would  immediately  dive  into  the  filamentous 
3igae  beds.  Current  speeds  did  not  appear  to  be  a  limiting  fac+or  in  the 
upstream  distribution  of  cichlids.  They  were  the  most  common  species 
observed  in  the  habitat  from  the  wooden  bridge,  upstream  to  the  confluence 
of  a.sh  and  Crystal  Springs  outflows. 


FOOD  HABITS  ANAIYSI 3 


MATERIALS  ANO  METHODS 

Food  habits  were  determined  fo r  eight  species  of  fish  collected  once 
a  month  during  summer,  1980  from  four  spring  systems  in  Nevada.  Fish  were 
collected  as  follows  from  Preston  Big  Spring:  Rhinichthvs  osculus  velifer 
(June  through  September),  Cren i chthvs  ba i I ey i  subsp.  (June  through 
September),  and  Catostomus  (Pantosteus )  c I  ark i  i ntermed i us  (June  and 
July);  3ig  Spring  at  Lockes  Ranch:  Cren i chthys  nevadae  (June  througn 
Septemoer ) ;  Ash  Springs:  Rh i n i chthys  oscu I  us  ve I i f er  (June  through 
August),  Dambus i a  af f i n i s  (September),  Poec ilia  mex i cana  (June  through 
September),  and  C i ch l asoma  n i qrof asc i atum  (June  through  September).  In 
addition,  data  from  the  files  of  J.  E.  Deacon  on  stomach  contents  of 
Empetr i chtnvs  l atos  I atos  collected  from  Manse  Spring  during  1961  to  1963 
are  presented. 

Fish  were  preserved  in  10 %  formalin,  then  transferred  to  alcohol 
prior  to  examination.  Standard  length,  total  length,  and  intestine  length 
were  measured  to  the  nearest  0.1  mm  with  precision  calipers  for  specimens 
from  Preston  Big  Spring  and  Big  Spring  at  Lockes  Ranch.  These  characters 
were  measured  to  the  nearest  1  mm  for  specimens  from  Ash  Spring. 
Deritoneum  color  and  intestine  conf iguration  were  noted  for  specimens 
examined.  Intestinal  contents  from  esophagus  to  anus  were  examined  for  all 
species  except  Catostomus  c I  ark i  i ntermed i us  for  which  the  anterior 
section  of  the  intestine  from  the  esopnagus  to  the  end  of  the  first 
intestinal  loop  was  analyzed.  Determination  of  intestinal  contents  was 
made  with  a  7X  -  zoom  binocular  microscope.  Data  from  intestine  contents 
were  divided  into  percent  animal,  percent  plant,  and  percent  detritus 
components.  Detritus  was  defined  as  any  inorganic  material.  Percent 
frequency  of  occurrence,  mean  number  per  intestine,  mean  percent  volume, 
and  a  value  of  relative  importance  was  reported  for  each  food.  Percent 
frequency  of  occurrence  was  defined  as  the  number  of  intestinal  samples  in 
which  one  or  more  of  a  given  food  item  was  founa,  expressed  as  3 
percentage  of  all  nonempty  intestines  examined  (Windell  and  Bowen  1978). 
The  total  number  of  a  given  food  observed  in  -^he  intestines,  divided  by 
the  number  of  nonemoty  intestines  examined,  was  the  mean  number  per 
intestine.  Mean  percent  volume  was  defined  as  the  total  volume  estimated 
for  a  given  food  divided  by  the  number  of  nonempty  intestines  examined. 
Percent  volumes  were  determined  by  separating  the  intestine  into  two  or 
more  subsamolea  and  visually  estimating  the  percent  contribution  of  a 
given  food  in  each  sample.  The  percent  contribution  of  each  subsample  *o 
the  contents  of  the  entire  intestine  was  estimated  so  that  the  volume  of  a 
given  food  relative  to  all  intestinal  contents  could  be  determined. 
Percent  frequency  of  occurrence,  mean  number  per  inTestine,  3nd  mean 
percent  volume  each  contain  a  bias  which  limits  their  usefulness  when  used 
separately  (Windell  and  Bowen  1978).  For  example,  percent  frequency  of 
occurrence  overemphasizes  the  importance  of  small  food  items  that  may  be 
ingested  frequently  but  have  a  small  imoact  on  the  volume  of  food  in  ■‘■he 
intestine,  whereas  the  mean  percent  volume  may  overemphasize  those  foods 
which  are  large,  but  occur  less  frequently.  To  minimize  these  biases,  an 
index  of  relative  importance  (Rl)  is  reported  for  each  food.  This  index 
combines  the  percent  frequency  of  occurrence  and  mean  percent  volume  for 
food  "a"  into  an  absolute  importance  index  (Ala)  as  follows: 


Ala  *  i  frequency  of  occurrence  +  mean  i  volume 

The  absolute  importance  index  is  then  used  to  calculate  a  relative 
importance  index  as  follows: 

n 

Rla  =  (100)  Ala  /  2  Ala  where  a  =1 

i«1 

here  n  is  the  number  of  different  foods.  Determination  of  Rla  and  Ala  are 
by  methods  modified  from  George  and  Hadley  (1979). 

Selectivity  for  a  given  food  was  determined  by  comparing  the 
abundance  of  the  food  in  the  intestines  and  in  the  habitat.  This 
selectivity  is  reported  as  an  Index  of  Electivity  (E),  defined  by  Ivlev 
(1961 )  as  f o 1  lows: 

E  *  (ri-pi )/(ri+pi ) 

where  ri  is  the  percentage  composition  of  a  particular,  food  in  the 
intestine  and  pi  is  the  percentage  composition  of  a  particular  food  in  the 
environment.  The  index  has  an  absolute  range  of  -1  to  +1.  Thus  an 
Electivity  value  of  -1  represents  a  high  negative  selection,  whereas  a 
value  of  +1  suggests  high  selectivity  for  a  given  food.  A  value  of  0 
indicates  no  selection  but  instead  suggests  feeding  based  on  food 
abundance  in  the  environment.  Values  of  pi  and  ri  are  percentages 
determined  from  the  numbers  of  i nvertebrates  sampled  in  each  case.  The 
value  for  pi  is  derived  by  combining  all  invertebrate  samples  at  a  given 
spr i ng. 

In  addition  to  determining  selectively  by  the  Index  of  Electivity, 
the  Linear  Index  (L)  of  Strauss  (1979)  is  presented  and  defined  as 
fol lows: 

L  *  ri-pi 

wnere  the  components  ri  and  pi  are  defined  as  in  the  Index  of  Electivity. 
Some  of  the  advantages  of  the  Linear  Index  are  as  follows:  (1)  the  index 
is  distributed  approximately  normally,  (2)  the  measure  takes  on  extreme 
values  only  when  a  food  is  rare  but  consumed  exclusively  or  is  very 
abundant  and  rarely  consumed,  (3)  it  is  defined  for  all  values  of  ri  and 
pi,  and  (4)  the  sampling  variance  is  defined  to  allow  statistical 
comparison  of  two  calculated  values  or  to  a  null  hypothesis  value. 

Invertebrate  identification  is  based  on  Pennak  (1978). 


RESULTS  AND  OISCUSSION 


Preston  Bia  Spr i nr 


The  availability  of  potential  foods  within  the  habitat  are  given  in 
Figures  F-1  through  4.  Results  of  the  food  habits  analyses  for  the  three 
species  from  Preston  Big  Spring  are  given  in  Figures  F-5  through  14. 


» 


» 


I 
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Rh i n i chthvs  oscu I  us  ve  I i f  er 

Speckled  dace  from  Pres+on  3ig  Spring  were  primarily  carnivorous  in 
June,  July  and  August,  when  animal  matter  comprised  57,  70,  and  54  mean 
percent  volume,  respectively  (Figures  F-5  through  7).  However,  during 
September,  speckled  dace  were  herbivorous,  consuming  large  amounts  of 
diatoms  and  filamentous  algae  (Figure  F-8).  Plant  material  accounted  for 
59  mean  percent  volume  of  intestinal  contents  during  September. 

In  June  and  July,  when  the  speckled  dace  were  carnivorous,  Oxyeth i ra, 
a  hydroptilid  tr ichopteran,  was  a  main  food.  The  mean  percent  volume  of 
Oxyeth i ra  was  29  and  41  in  June  and  July  respectively,  resulting  in 
relative  importance  values  of  19  and  32  (Table  1  and  2).  In  August,  the 
dace  fed  primarily  on  unidentified  aquatic  insects  (Rl  =  21)  and  various 
life-stages  of  Oiptera,  mostly  chironomid  larvae  (Table  3).  Indices  of 
selectivity  (Table  F-4)  indicate  that  hydroptilids  were  selected  for  in 
June  and  July  (E  =  0.58  and  E  =  0.60,  respectively)  but  strongly  selected 
against  in  August  (E  =  -1.00).  Chironomids  were  selected  for  most  strongly 
during  August  (E  *  1.00).  In  June,  July,  and  August,  plant  material 
contributed  less  than  one-fourth  of  the  mean  percent  volume  in  intestines 
with  filamentous  algae  comprising  most  of  the  plant  material. 

September  showed  a  distinct  change  in  the  food  habits  of  the  speckled 
dace  examined  (Table  F-5).  The  herbivorous  food  habit  observed  in 
September  was  dominated  by  ingestion  of  diatoms  (Rl  3  27),  which 
contributed  41  mean  percent  volume,  and  filamentous  alqae  (Rl  =  16),  which 
contributed  17  mean  percent  volume.  Hydrozetes ,  a  water  mite,  was  the  most 
important  animal  food  in  September  (Rl  =  135,  occurring  in  60  percent  of 
the  intestines  examined  and  contributing  4  mean  percent  volume.  Oxyeth i ra, 
a  major  food  in  June  and  July,  contributed  5  mean  percent  volume  in 
September.  The  main  animal  foods  of  August  had  small  contributions  to 
intestinal  content  in  September. 

The  shift  in  food  habits  from  carnivory  in  June,  July,  and  August,  to 
herb  ivory  in  September,  is  coincidental  with  increased  grazing  by  cattle 
around  the  spring  habitat  prior  to  the  September  collection  of  fish. 
Increased  cattle  grazing  caused  the  disappearance  of  emergent  vegetation 
along  the  edges  of  the  Preston  3ig  Soring  habitat.  The  removal  of  emergent 
vegetation  stimulated  diatom  and  filamentous  algae  growth  by  allowing 
increased  sunlight  to  reach  the  water.  Field  observations  showed  a 
definite  increase  in  the  abundance  of  these  plants  in  September.  Loss  of 
emergent  vegetation  decreases  the  habitat  aw. "'able  to  many  aquatic 
invertebrates,  and  therefore,  may  have  simoultaneously  decreased  some 
invertebrate  population  numbers.  Oxyeth i ra  abundance  was  greatly  depressed 
in  September  because  of  emergence.  Decrease  of  this  important  food  may 
have  forced  the  change  in  food  habits  observed  in  Rh i n i chthys  during 
September . 

The  intestine  length  to  standard  length  ratio  was  near  0.9  in 
speckled  dace  from  Preston  3ig  Soring.  An  intestine  length  less  than,  or 
equal  to,  standard  length  indicates  a  carnivorous  feeding  habit  (Odum, 
1970).  These  fish  also  lacked  the  black  peritoneum  associated  with 
herbivores,  instead,  possessing  a  si  I  very-colored  peritoneum.  These 
characters  are  in  contrast  to  the  large  volume  of  plant  material  consumed 
during  September  and  may  be  indicative  of  a  lack  of  preferred  foods  in 
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3reston  3ig  Soring  at  that  time. 

Cren i chthvs  ba i I ey i 

The  springfish  from  Preston  Big  Soring  were  omnivorous  in  June,  when 
plant  material  comprised  37  percent  of  intestinal  volume  and  animal  matter 
comprised  21  mean  percent  volume.  In  July,  August,  and  September,  the  fish 
were  primarily  herbivorous,  consuming  58,  57,  and  58  percent  plant 
material  by  volume,  respectively  (Figures  F-9  through  12). 

Filamentous  algae  (Rl  =  32)  was  the  most  important  food  in  June, 
contributing  24  mean  percent  volume  and  occurring  in  over  60  percent  of 
the  intestines  examined  (Table  F-6).  Trichoptera  were  the  most  imoortant 
animal  food.  Oxveth ira  larvae,  comprising  9  percent  intestinal  volume,  was 
the  most  important  Trichopteran  (Rl  =  10).  Data  from  Table  F-4  on  food 
selectivity  indicate  Oxveth i ra  is  strongly  selected  for  by  C-en i chthys  in 
June  (E  =  0.64,  l  =  0.69).  ~ 

In  July,  filamentous  algae  (Rl  =  42)  was  the  most  imoortant  food, 
contributing  48  mean  percent  volume  and  occurring  in  all  intestines 
examined  (Table  F — 7 ) .  Oxveth i ra  was,  once  again,  the  most  important  animal 
food,  contributing  5  mean  percent  volume.  Fish  scales  were  of  some 
imoortance  in  July  (Rl  *  6).  Cren i chthys  is  aggressive,  and  it  is  possible 
for  the  *ish  scales  to  have  been  ingested  from  either  the  body  of  a  dead 
fish  found  in  the  bottom  sediments  or  during  a  show  of  aggression  toward 
anctne1'  individual.  Chironomids  were  also  an  important  animal  food  in  July 
(Rl  =  7).  indices  of  selectivity  indicate  that  chironimids  were  selected 
for  and  tr i chopterans  were  selected  against  by  Cren i chthys  in  July  (E  * 
C.36,  and  E  =  -0.26,  respectively).  ~ 

Filamentous  algae  and  diatoms  were  of  primary  importance  in  August, 
contributing  21  and  24  mean  percent  volume,  respectively  (Table  F-8). 
Higher  plant  was  also  a  major  food  comprising  12  mean  percent  volume. 
Oxveth i ra  contributed  the  largest  mean  percent  volume  of  any  animal  food 
in  August,  contributing  9  percent,  but  was  ingested  by  only  10  percent  of 
the  fish  examined.  Hydroptilids  and  chironomids  were  both  selected  for  by 
Cren i chthys  in  August  (E  =  0.89  and  E  =  0.69,  respectively). 

In  September,  Cren i chthys  consumed  only  5  mean  percent  volume  animal 
matter,  with  insect  eggs  and  Oxveth ira  the  predominate  animal  foods  (Table 
F-9).  Filamentous  algae  was  the  most  important  food  (Rl  *  36)  occurring  in 
90  percent  of  the  intestines  examined  and  contributing  20  mean  percent 
volume.  Amorphous  plant  material  was  the  second  most  important  food  (Rl  = 
28).  This  food  was  very  important  to  Catostomus .  Cren i chthys  in  September 
were  the  only  other  fish  examined  that  ingested  amorphous  plant  material. 

The  mean  ratio  of  intestine  length  to  standard  length  is  slightly 
greater  than  one,  a  value  borderline  between  omn ivory  and  earn  ivory  (Odum, 
1970).  Peritoneum  color  in  Cren i chthys  is  jet  black,  a  color  correlated 
with  herbivorous  feeding  by  Smith  (1966).  Food  habit  analysis  suggests  the 
fish  are  primarily  herbivorous. 


Catostomus  cl  ark i  i ntermed i us 


Catostomus  from  Preston  Sig  Spring  were  herbivorous  in  all  months 
examined  (Figures  F— 1 3  and  14).  Plant  material  comprised  99  mean  percent 
volume  in  June,  and  39  mean  percent  volume  in  July.  No  animal  matter  was 
ingested  in  either  month. 

In  June,  the  most  important  food  was  amorphous  plant  material,  with  a 
relative  importance  index  of  34  (Table  F-10).  Filamentous  algae  (PI  =  16) 
was  the  only  other  food  ingested,  contributing  ten  percent  intestinal 
vo I ume. 

A  slight  increase  in  diversity  of  foods  utilized  was  seen  in  July 
(TaDle  F-11).  Amorphous  plant  material  (PI  =  57)  was  the  most  important 
food.  This  food  was  observed  in  all  fish  examined  and  comprised  54  mean 
percent  volume.  Diatoms  were  also  an  important  food  (PI  =  35), 
contributing  21  mean  percent  volume.  Diatoms  were  observed  in  80  percent 
of  the  intestines  examined.  Filamentous  algae  and  higher  plants  were  each 
observed  in  small  amounts  in  one  fish  resulting  in  a  relative  importance 
index  of  4  for  both  foods. 

The  raTio  of  intestine  length  to  standard  length  was  approximately 
5.5,  indicating  herbivory  (Odum,  1970).  The  dark  peritoneum  color  observed 
in  Catostomus  is  also  indicative  of  the  nerbivorous  feeding  habits  of  this 
fish. 

Indices  of  selectivity  calculated  for  various  animal  foods  further 
exemplifies  the  strict  herbivory  of  Catostomus  (Table  F-4). 


Lockes  Panch  Sor i nq 

The  availability  of  potential  foods  within  the  habitat  is  given  in 
Figures  F-15  through  18.  Results  of  the  food  habits  analysis  for  the 
Railroad  Valley  springfish  are  given  in  Figures  F— 1 9  through  22. 

Cren i chthys  nevadae 

The  railroad  Valley  springfish  was  predominately  carnivorous  in  all 
.months.  Animal  foods  comprised  64,  98,  68,  and  65  mean  percent  volume  in 
June,  July,  August,  and  Seotember,  respectively  (Figures  F— 1 9  through  22). 
°lant  material  was  important  in  June,  contributing  26  mean  percent  volume, 
in  July,  August,  and  September,  however,  only  a  small  percentage  of 
intestinal  volume  was  occupied  by  plant  material. 

Gastropods  (Rl  =  32)  were  the  most  important  foods  in  June, 
comprising  54  percent  intestinal  volume  (Table  F-12).  Ostracods  (PI  =  15) 
and  fish  scales  (PI  3  11)  were  also  important  foods.  vcst  of  the  plant 
material  ingested  by  Cren i chthys  in  June  was  filamentous  algae,  which  had 
a  relative  importance  index  of  23.  Filamentous  algae  contributed  20  mean 
percent  volume.  Indexes  of  selectivity  indicate  that  gastroocds  and 
ostracods  were  selected  for  by  springfish  in  June  (E  3  0.34  and  E  =  0.73, 
respectively)  (Table  F — 1 3 ) . 

In  July,  ostracods  were  the  most  important  food  (PI  =  57).  Os+racods 


were  found  in  all  intestines  examined,  comprising  S3  mean  intestinal 
volume  (Taole  F-14).  There  were  an  average  of  401.8  ostracods  per 
intestine.  Chironomid  larvae  (Rl  *  16!  occurred  in  50  percent  of  the 
intestines  examined,  comprising  3  mean  percent  volume.  Gastropods  were  not 
a  major  food  in  July,  occurring  in  ten  percent  of  the  intestines  examined 
and  contributing  only  2  mean  percent  volume.  Filamentous  algae  was  the 
most  important  plant  material  ingested,  contributing  4  mean  percent 
volume.  Ostracods  we^e  highly  selected  for  (E  =  0.98),  but  chironomids 
were  selected  against  (E  =  -0.83)  during  July.  No  data  was  available  on 
the  contribution  of  gastropods  to  the  environment  in  July,  so  calculation 
of  a  selectivity  index  was  not  possible  for  this  food. 

Ostracods  were  the  most  important  food  in  August  (Rl  *  36), 
comprising  43  mean  percent  volume  (Table  F-15).  Amph ipods  and  chironomid 
larvae  were  also  important  foods,  with  relative  importance  indexes  of  11 
and  21,  respectively.  Filamentous  algae  was  the  primary  plant  material 
ingested,  contibuting  9  mean  percent  volume.  An  electivity  index  of  1.00 
indicates  that  ostracods  were  a  preferred  food  in  August. 

In  September,  ostracods  continued  to  be  of  great  importance  (Rl  =29) 
contributing  26  mean  percent  volume  (Table  F-16).  The  Electivity  Index 
once  again  indicated  high  selection  for  this  food.  Hydrobiid  snails  (Rl  = 
19)  were  also  an  important  food,  comprising  18  mean  percent  volume. 
Filamentous  algae  was  the  most  important  plant  material  (Rl  =  18). 

The  ratio  of  intestine  length  to  standard  length  was  1.3  for 
Cren i chthys  nevadae  examined,  indicating  omnivory  (Odum,  1970).  The 
predomi naTel y  carnivorous  feeding  behavior  is  in  contrast  with  the  black 
peritoneum  color  observed.  According  to  Smith  (1966),  a  black  peritoneum 
corresponds  with  herb  ivory  in  catostomids.  Other  workers  have  expanded 
this  logic  to  other  fishes.  Perhaps  the  high  temperatures  in  the  habitat 
sampled  demands  consumption  of  higher  energy  animal  foods  than  would  be 
necessary  at  lower  temperatures. 


Shoshone  North  Pond 

The  availability  of  potential  foods  within  the  habitat  are  given  in 
Figures  F-23  through  26.  Results  of  the  food  habits  analysis  for  the 
Pahrump  killifish  collected  from  Manse  Spring  during  1961-1963  are  given 
in  Table  F-1 7. 


Empetr i chthys  I atos 


l  atos 


The  diet  of  the  Pahrump  killifish,  in  the  now  dry  spring  pool  at 
Manse  Ranch,  Pahrump  Valley,  Nevada,  consisted  primarily  of  a  mixture  of 
insects,  snails,  and  other  invertebrate  animals  comprising  32  mean  percent 
volume  (Figure  F-27).  A  large  percentage  of  the  intestinal  volume  was 
occupied  by  debris  of  a  fibrous  or  gelatinous  nature.  Plant  matter 
contributed  only  2%  to  the  mean  intestinal  volume. 


Insects  were  the  most  frequently  eaten  animal,  contributing  26  mean 
percent  intestinal  volume.  Snails,  including  Physa  and  hydrobiids, 
contributed  5  percent  to  intestinal  volume  (Table  F-17).  Eggs  comprised  3 
mean  percent  volume. 
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Macro i nver+ebra+e  samples  indicate  that  gastropods  were  abundant  in 
the  littoral  vegetation  (632)  and  bottom  mud  (502)  of  Shoshone  North  Pond 
in  June  (Figure  F-23).  Since  snails  were  utilized  by  the  killifish  at 
Manse  Ranch,  they  probably  constituted  an  important  food  source  for  this 
species  in  Shoshone  North  Pond  in  June.  The  larger  zooplankton  are 
probably  also  an  important  food  source.  The  relative  scarcity  of  copeDods 
and  cladocerans  in  the  open  water  zooplankton  (52)  and  their  relative 
abundance  (162)  within  the  algal  mat  community  in  June,  strongly  suggests 
that  these  are  eaten  by  killifish  when  they  leave  the  algal  mat  community. 
Macro i nvertebrate  samples  taken  in  July,  indicated  a  greater  diversity  of 
macro i nvertebrates  than  seen  in  June  (Figure  F-24).  Chironomids  and 
ephemeropterans  were  probably  important  foods  in  July.  In  August, 
Coleoptera  were  more  abundant  and  were  probably  an  important  food  (Figure 
F-25).  Gastropods,  cladocerans,  dipterans,  and  eohemeropterans  were  also 
fairly  abundant  in  August,  and  were  therefore,  probable  foods.  Odonates 
were  predominate  in  macro i nvertebrate  samples  collected  in  September 
(Figure  F-26).  Coleopterans  and  dipterans  were  also  abundant  and  were 
probably  important  foods.  The  Odonata  of  Shoshone  North  Pond  are  probably 
not  an  important  food  resource  for  killifish. 


Outflow  of  Ash  Sorinc 


The  availability  of  potential  foods  within  the  habitat  are  given  in 
Figures  F-28  through  31.  The  results  of  food  habits  analyses  for  the 
fishes  inhabiting  the  outflow  of  Ash  Spring  are  given  in  Figures  F-32-43. 


Rhinichthys  osculus  velifer 


In  all  months  for  which  intestines  were  examined,  speckled  dace  were 
primarily  carnivorous,  with  animal  matter  comprising  74,  64,  and  73  mean 
percent  intestinal  volume  in  June,  July,  and  August,  respectively  (Figures 
F-32  through  34).  Plant  material  was  normally  an  insignificant  component 
of  the  diet  except,  during  July,  when  plants  comprised  12  mean  percent 
vo I ume. 


Chironomid  larvae  were  the  most  important  food  in  June  (.Rl  *  41  )  and 
July  (Rl  *20),  and  the  second  most  important  food  in  August  (Rl  *  16) 
(Tables  F-18  through  20).  Trichoptera  were  the  primary  food  in  August, 
accounting  for  40  mean  percent  volume.  An  of  the  Trichoptera  observed  in 
August  were  hydroptilid  iarvae.  Oxyeth i ra  (Rl  =  5)  comprised  approximately 
152  of  the  hydroptilid  larvae  observed  in  intestines  during  August, 
contributing  6  percent  to  the  total  intestinal  volume.  Other  hydroptilid 
larvae  (Rl  ■  38)  contributed  34  percent  to  the  total  intestinal  volume 
(Table  F-20).  Trichoptera  were  of  less  importance  in  June  and  July, 
contributing  8  and  5  mean  percent  volume,  respectively.  Chironomids  were 
highly  selected  for  in  June  and  August  (E  *  0.88  and  E  *  1.00, 
respectively)  (Table  F-21).  In  July,  the  Electivity  Index  indicates  that 
chironomids  were  sligntly  selected  against  (E  ■  -0.07),  despite  the  fact 
that  chironomid  larvae  were  the  most  important  food.  The  aooarent 
discrepancy  can  be  explained  by  the  fact  that  ri  is  based  upon  mean 
numbers  per  intestine,  and  in  July,  the  dace  consu  — »d  many  individuals  of 
an  unidentified  first  instar  larvae  (not  chironomid),  which  strongly 
influenced  the  calculation  of  electivity. 


The  dace  also  fed  on  adul*  terrestrial  insects  found  in  the  drift. 
Tnis  was  especially  evident  in  July,  when  terrestrial  insects  and  spiders 
accounted  for  33  percent  of  intestinal  volume.  Visual  observations  at  Ash 
Spring  also  indicated  that  speckled  aace  often  fed  on  drift  organisms. 

Very  little  plant  material  was  observed  in  intestines  of  speckled 
dace.  During  June,  So i roqvra  was  the  only  plant  present  in  intestines, 
accounting  for  only  2  mean  percent  volume.  So i roqvra  and  Compsopoaon 
comprised  9  mean  percent  volume  of  intestines  in  July,  when  plant  material 
comprised  12  mean  percent  volume  of  intestines,  the  highest  value  reported 
for  any  month.  During  August,  plants  accounted  for  only  4  mean  percent 
volume  of  speckled  dace  intestinal  contents. 

The  mean  ratio  of  intestine  length  to  s+andard  length  was  less  than 
one  in  all  speckled  dace  examined,  indicating  carnivory  (Odum,  1970).  The 
peritoneum  had  a  mottled  black  color.  This  color  was  not  as  intense  as  the 
black  peritoneum  of  Cren i chtnvs ,  Ca*ostornus  or  poec ilia  examined. 


Gamp  us i a  af f i ni s 


The  diet  of  mosqu i tof i sh,  Gambus i a  af f i n  i  s ,  is  almost  entirely 
composed  of  animal  matter  (97  mean  percent  volume)  with  small  amounts  of 
deoris.  Mosqu i tof ish  feed  heavily  upon  moderately  large  adult  insects  (Rl 
*  39)  (Table  F —22 ) ,  which  are  probably  found  in  the  surface  drift.  Most 
organisms  examined  from  the  guts  were  highly  masticated,  which  precluded  a 
more  detailed  identification.  Formicid  and  chironomid  adults  were  also  fed 
upon,  further  suggesting  surface  feeding  by  this  species.  Field 
observations  indicate  mosquitofish  are  surface-dwellers  near  the  stream 
margins,  and  the  dorsally  oriented  mouth  again  relates  to  a  surface 
feeding  strategy. 

Substrate  feeding,  as  evidenced  by  the  rare  occurrence  of  a  snail, 
Me i ano i des  tubercu l atus,  in  the  stomachs  of  mosquitofish,  is  minimal.  It 
appears  that  negative  selection  for  this  snail  is  occurring  in  the 
habitat.  A  few  other  types  of  insect  larvae  were  also  consumed. 

The  mean  ratio  of  intestine  length  to  standard  lenqth  for 
mosquitofish  is  0.71.  This  value  falls  into  Odums  (1970)  category  of  less 
tnan  1.0,  which  suggests  carnivorous  feeding. 


Doec ilia  mex i cana 


In  all  months  for  which  intestinal  contents  were  examined,  shortf i n 
mollies  were  herbivorous.  Observed  foods  included  Sp i ronvra ,  Oedooon i urn , 
Compsopogon ,  Lyngbva ,  and  an  unidentified  filamentous  alga  (Figures  F-36 
through  39).  In  June,  July,  and  September,  Sp i roqyra  was  the  primary  food, 
contributing  36,  27,  and  20  mean  percent  volume,  respectively  (Table  F— 23 , 
24  and  25).  Sp i rogyra  contributed  15  mean  percent  volume  in  August,  when 
it  was  the  second  most  important  food  (Rl  =44)  (Table  F-25).  The  monies 
ingested  primarily  Oedoaon i urn  (Rl  *  48)  in  August,  with  this  food 
contributing  26  mean  percent  volume.  Oedooon i urn  was  utilized  in  September 
in  small  amounts  (one  mean  percent  volume).  Oompsopooon  and  an 
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unidentified  filamentous  alga  were  also  ingested  during  August  in  small 
amounts,  Doth  contributing  less  than  one  mean  percent  volume.  In  June, 
Comosoooqon  was  also  lightly  utilized  (one  mean  percent  volume).  During 
Septemoer,  shortfin  mollies  consumed  Lynqbya ,  and  an  unidentified 
fi lamentous  alga,  as  well  as  the  Spiroqyra  and  5edoqonium  mentioned  above. 

Detritus  was  a  major  component  of  intestinal  contents  in  all  samples, 
constituting  63  mean  percent  volume  in  June,  73  in  July,  58  in  August,  and 
77  in  September.  The  detritus  was  probably  accidentally  ingested  by 
shortfin  mollies  while  they  fed  on  algal  mats  covering  bottom  sediments. 

All  animal  foods  for  which  selectivity  indices  were  calculated, 
showed  that  shortfin  mollies  selected  against  animal  foods  (Table  F-21). 

In  all  specimens  examined,  the  mean  ratio  of  intestine  length  to 
standard  length  exceeded  three.  This  ratio  Indicates  herbivory  (Odum, 
1970).  These  fish  possess  a  black  peritoneum,  a  characteristic  associated 
with  herbivory  in  some  fishes  (Smith,  1966). 


Ci ch i asoma  ni qrof asc i atum 

In  June,  the  ci chi  ids  were  primarily  carnivorous,  with  animal  matter 
occurring  in  90  percent  of  the  intestines  examined  and  contributing  63* 
volume.  Chironomid  larvae  (31  =  27)  were  of  primary  importance,  with  a 
mean  percent  volume  of  51$  (Table  F-27).  Furthermore,  selectivity  indices 
given  in  Table  F-21  suggest  that  chironomid  larvae  are  highly  selected  for 
by  cichlids  (E  =  0.87,  L  *  0.79).  Hydropt i I i dae  were  also  highly  selected 
(E  =  1.00,  L  =  0.13).  This  trichopteran  comprised  3  mean  percent  volume. 

Cichlids  were  predominately  herbivorous  in  July.  Plants  occurred  in 
all  intestines  examined,  averaging  60$  of  intestinal  volume.  So i rpoyra  (31 
*  27)  occurred  in  100$  of  the  intestines  examined,  contribuTing  55$  volume 
(Table  F-28).  Chironomid  larvae  were  ingested  by  a  I  I  fish  examined  and 
were  the  most  imoortant  animal  food  (31  =  19)  with  an  average  of  17.8 
larvae  per  intestine,  contributing  11$  volume.  Indices  of  selectivity 
indicate  that  chironomids  were  selected  for  in  July,  but  with  less 
intensity  than  in  June  (E  =  0.50,  L  =  0.44). 

In  August,  the  fish  consumed  primarily  chironomid  larvae  (40  mean 
percent  volume)  and  Trichootera  (21  mean  percent  volume)  (Figure  F-42). 
The  relative  importance  of  Oxyeth i r a  (31  =  15)  indicates  that  it  was  a 
heavily  utilized  hydroptilid  trichopteran  (Table  F-29).  Both  chironomids 
and  hydroptiiids  were  highly  selected  for  in  August  (E  =  1.00,  L  »  0.56 
and  E  =  1.00,  L  =  0.39,  respectively). 

September  data  indicated  that  the  cichlids  fed  about  equally  on 
animal  matter,  plant  matter,  and  detritus  (Figure  F —4 3 ) .  Sbiroovra  and 
Trichoptera  contributed  the  largest  oercent  volumes,  23  and  13, 
respectively  (Table  F-30).  Chironomid  larvae  were  also  imoortant, 
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environment  was  determined,  cichlids  selected  against  Melanoides.  This 
snail  was  the  predominate  item  in  samples  of  the  habitat  during  June  and 
August.  For  both  months,  the  Ei activity  Index  was  -1.00.  The  Linear  index 
was  -0.91  and  -0.94  in  June  and  August,  respectively. 

The  mean  ratio  of  intestine  length  to  standard  length  for  Ci ch I asoma 
ni grofasciatum  was  1.2.  This  indicates  a  feeding  habit,  borderline  between 
earn  ivory  and  omn i vory  (Odum,  1970).  The  fish  examined  had  a  black 
peritoneum,  a  condition  indicative  of  herb  ivory  in  some  fishes  (Smith, 
1966).  Intestinal  contents  indicate  that  the  cichlids  in  Ash  Spring  were 
variable  in  their  food  habits  and  usually  were  omnivorous. 


IMPACTS  ANO  MANAGEMENT  NEEDS 


Until  specific  construction  sites  are  selected,  specified  actions 
proposed, and  specific  influences  on  aquatic  habitats  predicted,  it  will  be 
impossible  to  assess  direct  impacts  of  proposed  actions.  Nevertheless,  at 
this  time,  it  is  possible  to  discuss  some  probable  impacts  and  make 
general  recommendations  for  minimizing  or  avoiding  adverse  impacts  on 
sensitive  aquatic  habitats  within  the  proposed  M  X  deployment  area. 
Aquatic  habitats  in  the  area  depend  on  uninterrupted  groundwater  flows 
rather  than  surface  runoff.  Therefore,  pumping  of  groundwater  in  the 
aquifer  supplying  a  spring,  either  upflow  or  downflow  from  the  spring 
source,  can  reduce  the  flow  of  the  spring  and  may  adversely  affect  the 
biota  of  the  spring  and  its  outflow. 


In  central  and  southern  Nevada  several  types  of  aquifers  exist 
(  Mifflin,  1968;  Wi nograd  and  Thordarson,  1975  ).  Some  of  these  are 

intrabasin  aquifers  while  others  are  interbasin  aquifers.  Indenti f ication 
of  the  types  and  locations  of  these  aquifers  before  the  pumpinq  of 
groundwater  in  the  M  X  deployment  area  is  of  extreme  importance.  Wi nograd 
and  Thordarson  (1975)  found  interbasin  transoort  via  the  lower  carbonate 
aquifer  through  Yucca  Fiats,  Frenchman  Flats,  Oasis  Valley,  Ash  Meadows  to 
Death  Valley.  This  lower  carbonate  aquifer  is  at  least  4,500  square  miles 
in  area  and  is  located  in  a  minimum  of  ten  intermontane  basins.  Springs 
discharging  from  this  system  provide  habitats  for  endemic  fauna  throughout 
portions  of  Nevada  and  California,  including  the  M  x  deployment  area. 
Management  of  these  aquifers  is  of  great  importance  in  providing  for 
continued  existence  of  these  springs. 

Permits  in  Nevada  may  be  issued  to  allow  pumping  of  groundwater,  even 
if  reduction  or  cessation  of  spring  flow  is  a  likely  consequence  of  such 
pumoing.  This  is  true  because  some  lowering  of  the  water  table  is 
considered  to  be  a  normal  and  even  sometimes  a  desirable  consequence  of 
utilization  of  groundwater  resources.  Pumoing  is  not  normally  permitted 
in  excess  of  annual  recharge,  but  good  water  management  may  involve  some 
lowering  of  the  water  table  and  drying  up  of  springs  3S  a  means  of 
lowering  the  amount  of  evapotransp i rat i on.  To  avoid  the  adverse  imoacm 
that  would  result  from  reduction  or  cessation  of  spring  flows  it  is 
necessary  to  refrain  from  utilization  of  ground  water  resources  in  a  way 
that  would  affect  soring  flows. 

Construction  activities,  can  also  directly  alter  spring  sources  and 
their  outflows.  Avoidance  of  adverse  impacts  resulting  from  construction 
activities  requires  that  these  activities  be  kept  away  from  aquatic 
habitats.  Such  things  as  filling  tank  trucks  from  natural  open  water 
areas,  locations  of  temporary  construction  camps  near  soring  sources, 
alteration  of  outflow  channels,  and  similar  activities  can  have  profound 
and  lasting  adverse  effects  on  natural  aquatic  habitats. 

Our  studies  to  date  have  demonstrated  that  indirect  impacts  of  M  X 
construction  on  aauatic  habitats  in  Nevada  are  likely  to  be  considerably 


more  profound  and  oe'manent  than  are  the  primary  impacts  of  construction. 
This,  of  course,  assumes  that  construction  will  deliberately  t-svoid 
irreparable  damage.  Deacon  et  a!.  (1964),  HubPs  and  Deacon  (1964)  and 
Deacon  (1979)  have  demonstrated  that  people  tend  to  move  aquarium  fish 
into  Nevada  springs  to  the  marked  detriment  of  the  native  fauna.  This 
problem  is  certain  to  be  compounded  as  public  use  of  aauatic  habitats 
i ncreases. 


This  study  has  shown  that  the  introduced  Oriental  snail,  Me  I ano i des 
tubercu I atus ,  occurs  in  the  outflow  of  Ash  Spring  in  great  abundance. 
Tnis  Oriental  snail,  as  is  true  of  the  exotic  fishes,  was  apparently 
introduced  by  an  aquarist.  Me  I ano i des  tubercu I atus  affects  native  aquatic 
organisms,  either  by  its  opportunistic  feeding  behavior  or  by  its  physical 
disturbance  of  substrates,  including  dislodging  eggs.  The  magnitude  and 
mechanics  of  these  effects  are  not  well  known  or  documented.  In  the 
outflow  of  Ash  Spring,  other  species  of  native  snails  formerly  occurring 
there  have  been  eliminated,  and  other  macro! nvertebrates  have  probably 
been  severely  reduced  by  this  introduced  aquarium  snail.  This  Oriental 
snail  also  has  a  very  thick  shell  and  grows  to  a  relatively  large  size, 
which  results  in  its  lack  of  value  as  a  fish  food  organism.  The 
consequence  appears  to  be  that  M^_  tubercu I atus  significantly  reduces 
availability  of  fish  food  organisms  in  environments  occupied  by  it.  This 
results  in  significant  reductions  in  fish  populations  dependent  on 
organisms  replaced  by  M^  tubercu I atus .  The  problem  is  certain  to  be 
compounded  by  the  inevitable  increase  in  public  use  of  these  aquatic 
habitats  that  will  accompany  M  X  construction  and  operation. 


Partial  mitigation  of  problems  associated  with  introduction  of  exo+ic 
species  is  probably  possible  only  by  the  establishment  of  ecological 
preserves  encompassing  large  representat i ve  habitats.  These  preserves 
would  require  limited  public  access  and  continuous  management  in  order  to 
successfully  accomplish  the  purpose  of  maintaining  the  natural  integrity 
of  representat i ve  desert  aquatic  environments.  Additional  mitigation  to 
reduce  the  impact  of  increased  population  includes  a  continuing  public 
education  program,  a  conservation  education  program  in  the  public  schools, 
U. S. A.F.  personnel  orientation  programs,  and  general  meetings  in  the  M  X 
missile  impact  area,  "hese  measures,  of  course,  can  only  be  expected  to 
somewhat  reduce  the  adverse  impacts. 


At  Preston  Big  Spring,  we  have  determined  that  the  White  River 
spinedace,  formerly  a  common  species  at  this  location,  has  disappeared 
from  the  fauna.  The  species  still  occurs  in  other  waters  in  White  River 
Valley.  In  addition,  the  White  River  desert  sucker  is  apparently  much 
less  common  than  formerly  expected.  This  appears  to  have  resulted  from  an 
irrigation  and  domestic  water  project  which  left  the  spring  source  and 
about  a  mile  of  the  outflow  unaltered  before  funnel inq  all  of  the  water 
into  an  underground  pipe  for  distribution.  We  suspec+  that  isolating  the 
spinedace  and  desert  sucker  subpopulations  from  their  normal 
communications  with  other  subpoou I  at i ons  in  the  drainage  led  to  some  kind 
of  interruption  of  the  normal  life  cycle  patterns  which  resulted  in 
extirpation  of  the  °reston  Big  Spring  population  of  White  River  spinedace 
and  severe  reduction  of  the  Pres+on  3ig  Spring  population  o*  the  White 
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River  desert  sucker.  This  experience  indicates  that  manipulation  of 
spring  flows,  even  when  substantial  segments  are  left  undisturbed,  can 
have  very  significant  adverse  consequences  for  the  species  occuring  in  the 
pro+ec+ed  area.  Therefore,  it  is  clear  that  if  mitigation  of  adverse 
impacts  and  creation  of  ecological  preserves  are  contemplated,  the  size  of 
the  preserve  and  opportunities  for  communication  of  the  populations  in  the 
proposed  preserve  as  well  as  the  detailed  life  history  of  the  species  of 
concern  must  be  given  very  careful  cons i derat i on .  White  (1979),  in 
discussing  strategies  for  tne  preservation  of  rare  animals,  clearly 
demonstrates  the  advantages  of  large  continuous  habitats  over  smaller 
discontinuous  habitats.  The  loss  of  the  White  River  spinedace  from 
Preston  Big  Spring  illustrates  the  significance  of  this  principle  for 
maintenance  of  v i ab I e  populations  in  desert  aquatic  habitats  in  Nevada. 


frequently,  it  is  suggested  that  transplanting  an  endangered  or  rare 
species  into  another  habitat  removed  from  the  area  of  impact  is  a  viable 
method  of  mitigating  an  adverse  impact.  In  fact,  it  appears  at  first  that 
this  strategy,  employed  at  Shoshone  Ponds  where  the  Pahrump  killifish 
exists,  has  succeeded,  in  reality,  it  has  not.  Success  of  this  strategy 
will  come  only  if  the  population  being  temporarily  maintained  in  Shoshone 
North  3cnd  can  be  used  to  reestablish  the  species  within  its  original 
range.  We  specifically  recommend  that  transplanting  not  be  considered  a 
viable  mitigation  strategy.  A  species  exists  as  a  functioning  part  of  an 
ecosystem.  Removing  it  from  the  ecosystem  within  which  it  evolved 
subjects  the  species  to  a  new  set  of  selective  pressures.  por 
transplanted  species,  these  selective  pressures,  while  not  fully 
understood  by  man,  are  nevertheless  chosen  by  man.  The  outcome, 
therefore,  is  not  to  save  the  species,  but  rather  to  alter  it  in 
incompletely  understood  ways.  The  species  is  an  integral  part  of  the 
ecosystem  in  which  it  exists.  Thus,  mitigation  measures  can  only  be 
considered  successful  insofar  as  they  permit  a  species  to  continue  its 
existence  in  its  natural  habitat.  Transp I  ant i ng  is  a  technique  to  be  used 
as  a  temporary  means  of  maintaining  a  population  or  a  species  until  it  can 
be  returned  to  its  natural  habitat. 


In  summary,  we  recommend  that  direct  adverse  impacts  of  the  M  X 
missile  system  on  aquatic  habitats  in  Nevada  be  avoided  by  selecting  areas 
where  pumping  of  groundwater  and  construction  activities  will  not 
influence  important  aquatic  habitats.  Secondary  impacts,  such  as  exotic 
species  i ntroduction,  cannot  be  avoided  and  will  be  severe.  Some 
mitigation  is  possible  by  public  education  programs  and  by  establishing  a 
series  of  relatively  large  refuge  areas  representati ve  of  desert  aquatic 
habitats  in  Nevada. 
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RESEARCH  DIRECTIONS 


In  order  to  develop  an  approximate  understand i no  of  any  ecosystem, 
information  must  be  obtained  at  intervals  throughout  an  entire  year.  A 
detailed  and  reasonably  reliable  understand i ng  requires  several  years  of 
investigation  involving  continuous  refinement  of  the  investigation.  In 
general,  we  believe  the  level  of  understand i nn  necessary  to  do  a 
reasonably  valid  assessment  of  environmental  consequences  of  MX  missile 
construction  and  deployment  requires  at  least  one  additional  year  of  less 
frequent  data  collection  at  more  locations.  This  effort  must  then  be 
followed  by  s i te-spec i f i c  investigations  as  specific  deployment  locations 
are  identified. 

Preston  Big  Soring  contains  a  diverse  native  fish  fauna  as  well  as  a 
diverse  invertebrate  fauna.  Both  show  important  changes  seasonally.  We 
recommend  continuing  an  intensive  effort  toward  understanding  ecosystem 
dynamics  at  Preston  Big  Spring.  Essentially,  the  data  collection  scheme 
currently  in  use  should  be  retained  but  collection  frequency  should  be 
bimonthly  rather  than  monthly. 

At  Lockes  Ranch,  few  changes  are  evident  in  biological  populations 
living  in  the  main  s+udy  area.  Considerable  diversity  and  seasonal 
variability  is  evident,  however,  in  lateral  or  downstream  areas, 
especially  where  Utr i cu I ar i a  is  dominant.  These  areas  also  are  heavily 
utilized  as  spawning  beds  by  Railroad  Valley  springfish.  Bimonthly 
sampling  of  invertebrate  populations  in  these  Utr i cu I ar i a  beds  is 
recommended.  The  full  sampling  program  at  Lockes  Ranch  Sorinq  should  be 
done  quarterly. 

Shoshone  Ponds  show  marked  seasonal  changes  in  the  invertebrate 
populations.  The  fish,  on  the  other  hand,  probably  fluctuate  more  slowly. 
We  suggest  that  i nvertebrates  be  sampled  bimonthly  but  that  fish  should  be 
followed  only  quarterly.  Sampling  should  include  all  three  ponds.  Here  the 
data  will  be  especially  useful  in  determining  the  differences  between 
invertebrate  populations  in  temporary  or  artificial  habitats  with  and 
without  fish  predators. 

At  Burns  Ranch,  in  the  outflow  from  Ash  Spring,  the  invertebrate 
populations  are  dominated  by  Me  I ano i des ,  diversity  is  low  and  seasonal 
changes  are  minimal.  The  fish  population,  however,  undergoes  significant 
seasonal  changes.  We,  therefore,  recommend  guarterly  samplina  of  the 
invertebrate  population  but  bimonthly  sampling  of  the  fish  population. 

The  changes  in  sampling  recommended  above  should  permit  consideration 
of  increasing  the  number  of  habitats  from  which  biological  data  can  be 
developed.  We  recommend  the  addition  of  four  localities  from  which 
biological  data  is  taken  quarterly.  In  addition,  survey  work  to  determine 
the  status  of  molluscan  and  fish  populations  throughout  the  deployment 
area  should  be  undertaken.  It  appears  that  molluscan  surveys  are 
especially  important  for  Steptoe,  Snake  and  Monitor  Valleys.  Status  o* 
fish  populations  in  many  waters  within  the  deployment  area  is  relativelv 
well  known,  however,  many  specific  localities  have  either  never  been 
sampled  or  have  not  been  sampled  for  several  decades. 

We  believe  the  present,  modified  data  collection  svstem  is 
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ppropriate  with  minor  further  nod i f i cat i ons .  Determination  of  density  and 
istribution  of  fish  eggs  in  ail  habitats  could  add  exrremelv  useful  data 
on  spawning  habitats.  These  data  also  may  be  usefully  adapted  to  our 
efforts  at  analyzing  weighted  usable  area  at  different  flow  regimes. 
Therefore,  we  recommend  addition  of  an  examination  of  the  distribution  ana 
density  of  fish  eggs  during  January  through  September  in  each  habitaT. 

Due  to  the  nitrate  situation  at  Lockes  Ranch  Soring  and  Preston  3i 
Soring,  further  investigations  should  include  a  more  extensive  nitrgt 
sampling  program.  This  will  aid  in  under  stand i ng  tne  variability  of  the 
initial  nitrate  results. 

At  this  point  we  have  good  information  for  four  habitats  during 
summer,  1980.  In  order  to  understand  seasonal  changes,  it  is  especially 
important  to  continue  the  sampling  program  through  the  winter  and  spring. 
Additional  sampling  in  summer  1981  would  provide  seme  idea  of  annual 
variations  that  can  be  expected  in  the  habitats  sampled. 

In  summary,  we  recommend  continuing  the  sampling  program  to  provide 
information  from  several  habitats  throughout  the  course  of  a  year, 
allowing  some  time  overlap  in  the  sampling  to  provide  seme  insight  into 
annual  as  well  as  seasonal  variation.  Special  effort  at  some  locations  can 
and  should  be  directed  toward  identifying  spawning  habitat.  Surveys  of  the 
status  of  molluscan  and  fisn  popularions  must  be  dene.  Additional 
information  on  concentr at i on  and  variabi'ity  of  nitrate  at  Lockes  Rancn 
Soring  and  Preston  Big  Soring  should  be  developed. 
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APPENDIX  A 


SPECIFIC  AQUATIC  SYSTEMS  CONTAINING  ENDEMIC  FAUNA 
IN  EAST-CENTRAL  NEVADA 


Endemic  fish  and  mollusks  constitute  a  majority  of  the  unique  aquatic 
fauna  in  east-central  Nevada.  Most  of  the  endemic  fish  populations  have  been 
ascertained  through  the  work  of  J.  E.  Deacon,  T.  Hardy,  C.  Hubbs,  I.  La  Rivers, 
and  R.  R.  Miller,  but  molluscan  and  other  invertebrate  inventories  are  not 
complete.  A  list  of  known  specific  aquatic  ecosystems  within  the  study  basins 
is  presented  in  Table  A-l.  Fish  (F),  limited  molluscan  (M),  and  other 
invertebrate  (I)  data  are  presented.  These  ecosystems  should  be  avoided  both 
directly  and  indirectly  during  MX  construction  and  deployment.  •  Additional 
fish  information  from  other  basins  can  be  obtained  from  Hubbs  et  al .  (1974), 

La  Rivers  (1962),  Hardy  (1980a),  and  Deacon  (1979).  All  available  freshwater 
molluscan  information  is  presented  from  adjacent  basins. 
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Table  A-l. 


List  of  Sensitive  Aquatic  Ecosystems  in 


East-Central  Nevad 


White  Ri ver  Valiev 


Preston  Big  Spring 

T12N-R61E-S2 

F  M 

Cold  Spring 

T12N-R61E-S12 

F  M  ? 

Nicholas  Spring 

T12N-R61E-S12 

F  M  ? 

Arnoldson  Spring 

T12N-R61E-S2 

F  M  ? 

Preston  Town  Spring 

T12N-R61E-S12 

F  M 

Indian  Spring 

T12N-R61E-S2 

F  M  ? 

Lund  Town  Spring 

T11N-R61E-S34 

F  M 

Unnamed  Spring 

T11N-R62E-S21 

M 

Moorman  [Mormon]  Spring 

T9N-R61E-S32 

F  M 

Hardy  Springs 

T9N-R6 IE- S 13 

F  M 

Emmi grant  Springs 

T9N-R62E-S19 

F  M 

Flag  Springs 

T7N-R62E-S33 

F  M 

Butterfield  Springs 

T7N-R62E-S28 

F  M 

Hot  Creek  Spring 

T6N-R61E-S18 

F  M 

Moon  Ranch  Spring 

T6N-R60E-S25 

F  M  ? 

Railroad  Valley 

Lockes  Big  Spring 

T8N-R55E-S15 

F  M  I 

Chiminey  Spring 

T7N-R55E-S16* 

F 

Corral  Spring 

T7N-R55E-S15 

F  M 

North  Spring 

T7N-R55E-S16 

F  M 

Reynolds  1,  2  Springs 

T7N-R55E-S15 

F  M 

Unnamed  Spring 

T8N-R57E-S1 

*4 

Butterfield  Soring 

T8N-R57E-S27 

F  M 

Blue  Eagle  Spring 

T8N-R57E-S11 

F 

Bull  Creek  Springs 

T14N-R57E 

F  M  ? 

Little  Warm  Spring 

T12N-R56E-S5 

F  M 

Big  Warm  Spring 

T13N-R56E-S32 

F  M 

Duckwater  Spri ngs 

T12N-R56E-S5 

F  M 

Currant  Springs 

T11N-R57E-S1 

M 

Spring  Valley 

Shoshone  Ponds 

T12N-R65E-S2* 

F 

Swallow  (Shoshone) 

Ranch  Springs 

T12N— R65E-S36 

M 

Grey  Spring 

T16N-R67E-S32 

M 

Unnamed  Spring 

T16N-R67E-S32 

M 

Unnamed  Spring 

T16N-R67E-S20 

M 

Keegan  Ranch  Springs 

T18N— R66E-S12 

F 

Spring  Valley  Creek 

T23N-R66E-S31 

F 

Stone  House  Springs 

T22N-R66E-S17 

F 

(conti  nued) 
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Table  A-l .  (continued) 


Pahranaoat  Valley 


Ash  Spring 
Crystal  Springs 
Hiko  Spring 
Unnamed  Spring 

Steptoe  Valley 

Upper  Schell  bourne  Springs 
Cardano  Ranch  Springs 
Steptoe  Ranch  Springs 
Grass  Springs 
Dairy  Ranch  Spring 
Ruth  Pond 


T6S-R60E-S1  F  M  I 

T5S-R60E-S10  F  M 

T4S-R60E-S14  M 

T8S-R62E-S32*  F 


T22N-R65E-S5  M 

T25N-R64E-S5  F 

T19N-R63E-S5  F  M 

T19N-R63E-S20  F  M 

T18N-R64E-S20  F 

T16N-R62E-S3  F 


*  Introduced  native  fauna 
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Other  basins  in  east-central  Nevada  are  known  to  have  unique  aquatic 
species,  mainly  fish  and  mollusks.  Unlike  fish,  the  mollusks  are  unknown 
and/or  unpublished.  Other  unique  molluscan  occurences  include  the  following 

Kershaw-Ryan  State  Recreation  Springs  (T4S-R57E-S19) 

Panaca  Big  Spring  (T2S-R68E-S4) 

Ruby  and  Butte  Valleys 

Moapa  (Muddy)  River  Valley  (Landye,  1973) 


APPENDIX  8 


HABITAT  MORPHOMETRY  OF  SELECTED  SPRING  HABITATS  IN  EAST-CENTRAL  NEVADA 


Tables  are  provided  for  each  spring  system  indicating  the  species 
composition  of  the  aquatic  macrophyte  and  riparian  zones.  Maps  and  photos 
are  also  provided  that  delineate  the  habitat  structure  and  distribution 
of  the  respective  vegetation  zones.  Cross-sections  of  the  habitats  are 
given  to  show  channel  development. 


Table  3-1 . 


List  of  plants.  Identified  from  samples  collected  at  all 
springs  -  -June  thru  September,  1980.  P  =  Preston  Big 
Spring,  L  =  Lockes  Ranch  Spring,  S  =  Shoshone  North  Pond, 
A  =  Outflow  of  Ash  Spring 


Species  Name 


Common  Name 


Occurrence 
At  Springs 


Apiaceae 


Hydrocotyle  sp. 

Water-pennywort 

A 

Asclepiadaceae 

Asclepias  soeciosa  Torr. 

Milkweed 

P 

Asteraceae 

Artemisia  tridentata 

Cirsium  mohavense  (Greene)  Petrak 
Grindelia  sauarrosa  (Pursh.)  Dunal 
Solidago  confinus  Gray 

Sonchus  asoer  (L.)  Hill. 

Big  Sagebrush 

Thistle 

Gum-olant 

Goldenrod 

Sowthistle 

P 

L.P 

L 

L 

L 

Brassicaceae 

Rorippa  nasturtium-acuaticum 
Schinz.  &  Thel 1 . 

(L.) 

Water-cress 

P 

Chenopodiacsae 

NitroDhila  occidental  is  (Nutt 

.)  Moq 

A 

Cyperaceae 

Carex  sp. 

Eleocnaris  carishii  3ritton 
Fimoristvi is 

Scirous  americanus  Pers. 

Sedge 

Spikerush 

Olney  Threesquare 

S 

S,L,P 

L 

S.L.P 

Gentianaceae 

Centarium  exaltatum  (Griseb.) 
W.  Wright 

Great  Basin  Centaury 

L 

Juncaceae 

Juncus  so. 

Rush 

5,L,P 

Lamiaceae 

Ment.na  ;  "/ensis  L. 

Mint 

P 

Na j adaceae 

Naja  marina 

Naiad 

A 

31 eaceae 

F^axinus  velutina  Torr. 
ar.  coriacea  Nwats.)  Rydb. 

Ash 

A 

0nag"3ceae 

Eoilobijm  c;’iatjm  Raf. 

Wi  1 1 ow-herb 

P 

(conti nued) 


Table  B-l .  (continued) 
Species  Name 


Common  Name 


Occurrence 
At  Springs 


PI antagi naceae 


°lantaqo  major  L. 

Common  Plantain 

P 

Poaceae 

Distichlis  soicata  (L.)  Greene 

Salt  Grass 

A,S 

Polyooqon  monsDel iensi s  (L.)  Desf. 

Rabbitfoot  Grass 

P 

Rosaceae 

Potentilla  anserina  L. 

Cinquefoil 

S,P 

Sal icaceae 

Sal  ix  sp. 

Willow 

A  ,P 

Saxi fragaceae 

Ribes  so. 

Current 

P 

Sauraceae 

Anemopsis  californica  (Nutt.) 

Hook.  &  Arn. 

Yerba  Mansa 

L.A 

Schrophulariaceae 

Castillaja  sp. 

Paintbrush 

L 

Mimulus  quttatus  Fisch.  ex  DC. 

Monkey  Flower 

P,S 

Penstemon  palmeri  Gray 

Palmer's  Penstemon 

P 

Veronic  anaqal 1 is-aauatic  L. 

Speedwel 1 

p,s 

Vitaceae 

Vitis  California  Benth. 

California  Grape 

A 

Lentibulariaceae 

Utricularia  vulqaris  L. 

Bladderwort 

L 
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Table  B-3.  Substrate,  Depth,  and  Current  Profiles  for  Transect  Data 
Collected  at  Preston  Big  Spring,  Nevada  -  June,  1980. 

S  =  Substrate  D  =  Depth  C  =  Current 
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Table  8-4.  Substrate,  Depth ,  and  Current  Profiles  for  Transect  Data 
Collected  at  Lockes  Ranch  Spring,  Nevada  -  June,  1980. 

S  -  Substrate  D  -  Depth  C  =  Current  Trav  =  Travertine 
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Table  B-5.  Substrate  and  Depth  Profiles  for  Transect  Data 
Collected  at  Shoshone  North  Pond,  Nevada  -  June,  1980. 
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Table  B-6.  Substrate,  Depth,  and  Current  Profile  for  Transect  Data 
Collected  at  Ash  Spring,  Nevada  -  June,  1980. 

S  =  Substrate  D  -  Depth  C  =  Current 


Depth  is  in  meters 

Current  is  in  meters  per  second 
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Figure  3-6.  Channel  develocme.nt  at  Lockes  Ranch. 
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Channel  development  at  the  outflow  of  Ash  Spring. 
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Photo  H  I.  Preston  (li<)  Spring,  June,  19B0. 


APPENDIX  C 


•  . 


• 

Raw  data  tables  for  invertebrate  collections  from  all  springs,  ( 

June  through  September.  Tables  are  organized  by  spring,  then  date,  then 
habitat  type.  If  there  were  no  animals  collected  in  a  sample  or  if 
the  sample  was  inadequately  preserved,  this  is  indicated  in  the  table. 

For  multiple  replicate  data  sets  total  counts  are  presented  by  replicate  • 

and  by  species.  All  species  are  organized  within  the  tables  by  the 

taxonomic  heirarchy  presented  in  Edmondson,  1959,  although  current 

nomenclature  was  used  (eg:  Cnidaria  rather  than  Coelenterata ).  The  number 

-'cHowing  each  taxon  was  assigned  for  computer  identification  when  the  taxon 

was  origionally  identified.  This  number  can  be  used  to  refet  back  to  the 

prior  craft  reports.  • 
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Haw  Data  For  Preston  01  y  Sprlny,  06/07/80. 
Habitat  Type:  yravel  and  sand 

Animals  per  meter  squared. 
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APPENDIX  E 


Statistics  tables  for  invent ebrate  collections  from  all  springs, 
June  through  September.  Tables  are  organized  p_v  soring,  then  date,  then 
habitat  tyne.  If  there  were  no  animals  collected  in  a  sample  or  ’f 
the  samel e  was  i nadeauately  preserved,  this  is  indicated  in  the  table. 

I*  only  one  replicate  was  collected  (Table  D-25;  only  the  diversity 
indices  are  presented.  For  multiple  replicate  data  sets  diversity 
indices  were  calculated  by  reolicate  and  for  totals.  Al1  species 
are  crgar'zed  ' n  the  tables  by  the  taxonomic  heirarchv  presented 
in  Edmondson,  1959,  although  current  nomenclature  was  used  (eg :  Cn'daria 
ratne"  than  Coel  enterata  '  .  "he  number  £ol  loving  each  taxon  was  assigned 
"'or  computer  ■'certification  when  the  taxon  was  orici  onal’y  identified, 
"his  number  car  te  used  to  re"'er  back  to  the  prior  draft  reports.  Age 
groups  o*  a  single  taxon  were  combined  "or  the  purposes  diversity 
ca' cu  :at*on.  rcr  example  Oxyeth  1  <•?.  sc.  larvae,  pupae,  and  adults 
n  jrbers  12  12,  *  n  c  1  d  wp  ^0  3  G  0  °o  1 00°*"  hs  r  p  r  0  r  0  di  t  v  i  ft  d  0  x 

C  3  "  C  j  1  3  T  Or  <2T.  C  i  Y*"0S0r~0C  i  n  *1  h  0  t3D*;0S  3S  3P  3  Q  C  r0  Q  3 1  0  .  OP  '  V 

one  1 '  *e  store  :*  a  species  was  present  in  a  sample  the  aggregate  ;s 
s t ' ' '  presented.  "ne  ■'umper  o"  :a>a  presented  ir  tne  tables  represents 
tne  t  ■  *  a '  " umber  :*  $er  araple  t  a  x  or  ori  c  argues  present  i  r  the  sample, 

•  r.^i  ^  r  •  :  **":jror‘  -  -  .  r  *  . ,  n  o  c  ^  ♦  ,c»  r  ->  r>  r*  "j  p 

.  •  ■  '  v  !  or.'  t i .  1  uded ;  *>**  >'p'  aincier  art- 

a  Y  ’  7  j  « ;  '  •  •  .  * 


•  < 


•  4 


•  4 


•  4 


•  I 


•  4 


•  4 


•  4 


>ton  Hit)  Spi  iru),  06/O7/MO. 


c:  cc  .  .  cc 

M  X  O  'C  c  \o 

^  CN.  —  —  Oj  _ 


E 


cn  cc  \c 

o  o  cr  o 


I 

a  c 

p-» 

1 

o  c 

■o 

1 

o  o 

W“*\ 

■c 

C  i 

•  . 

><rs 

. 

1 

■*T  x 

— ^  *✓> 

CC 

O  1 

•C  (Ni 

•  • 

. 

E  l 

TT  — 

— 

;T\ 

(continued) 


Species  mean  n  std  dev  min  max 


<x> 

-D 

<0 


X 

£ 


O 

CM  KC 

*— 


CM 

m 


O 

CM 


c 

6 


CM 

^  o  o 


■«T 

CO 

o  ^  o 


>  1 

CM 

1)  1 

in 

in 

ao 

*C  1 

CO 

CO 

r- 

cc  ^ 

GO 

1 

• 

m 

m 

T3  1 

r*» 

CM 

• 

CM  fO 

CM 

4-  1 

in 

• 

CO 

,  . — 

< S )  1 

| 

•— 

— 

C>  CO 

o> 

C  1 

< 

PO 

fO 

rO  pn 

p^ 

1 

p^ 

prfp 

1 

vO 

r-s. 

pn 

» 

O 

pn 

vO 

m  m 

pn 

c 

1 

• 

p^ 

vO 

pn 

<0 

1 

00 

pn 

• 

k>  r-. 

p^ 

0) 

1 

PO 

• 

o 

•  O 

E 

1 

n 

— 

in  o 

n 

Species  mean  n  std  dev  min  max 


C 

1 

1 

1 

1 

1 

1 

! 

1 

! 

1 

1 

1 

CM 

CM 

o 

• 

CM 

• 

o 

1 

! 

O 

. — 

TT 

vO 

ON 

CM 

CM 

KN 

1 

i 

LP> 

CM 

* 

* 

KN 

kn 

kn 

1 

1 

t 

t 

O 

1 

1 

1 

f 

• 

• 

o 

• 

• 

CM 

1 

1 

CM 

"cr 

o 

lO 

<M 

o 

1  kn 

cc 

1 

*— 

K~\ 

vC 

o 

*— 

KN 

i  in 

1 

!  ^ 

vC 

1 

1  CM 

Cm 

1 

l  vC 

m 

1 

1  c 

O 

t 

K"N 

ON 

CM 

o 

i  m 

■^T 

t 

IT 

v© 

— 

in 

. — 

• 

1 

iC 

iC 

in 

co 

KN 

cc 

CC 

c- 

l  CM 

Cm 

\ 

• 

CM 

r-* 

KN 

• 

kn 

• 

• 

i 

1 

CO 

• 

• 

CM 

Cm 

n* 

in 

1  o 

CC 

1 

tn 

c 

m 

• 

O 

• 

in 

vC 

l  00 

vO 

i 

CM 

rr 

ON 

ON 

CO 

O 

— 

p*- 

i  r- 

r— 

1 

K“\ 

KN 

m 

kn 

kn 

kn 

kn 

kn 

1  CM 

CM 

1 

1  CO 

CO 

1 

1  C-* 

VC 

1 

c- 

KN 

1  O 

o 

1 

N“l 

c- 

vO 

r-* 

KN 

1  • 

• 

1 

K> 

HC 

v© 

vO 

KN 

in 

KN 

1  . — 

1 

m 

KN 

1C 

KN 

• 

►n 

vO 

* 

l 

1 

• 

KN 

• 

KN 

CM 

KN 

• 

o 

1 

1 

K“\ 

• 

X— ^ 

KN 

c 

• 

CO 

vC 

1 

— 

1 

O' 

O 

• 

o 

. — 

KN 

■^r 

l 

© 

1 

CM 

vC 

. — 

in 

, — 

CM 

. — 

CM 

1  — 

4- 

t 

1  © 

o 

1 

|  4— 

4- 

1 

l  O 

1 

1  4- 

TO 

1 

1 

c 

1 

i  *o 

© 

\ 

1  c 

1 

1  © 

l 

1  K-N 

t 

1 

in 

1  1 

1 

© 

\ 

1 

TT 

•— 

kn 

4_ 

| 

in 

1 

•— 

CM 

in 

© 

1 

© 

1 

u 

i  in 

4- 

J 

* 

■> 

— 

i  © 

© 

1 

KN 

vC 

O' 

o 

CM 

o 

CC 

— 

1  4- 

u 

1 

«— 

• — 

Cm 

in 

r- 

oc 

CL 

1  © 

— 

1 

© 

1  u 

— 

1 

* 

• 

u 

1  — 

CL 

1 

CM 

in 

n* 

CO 

00 

i  — 

© 

1 

«— 

•— 

* — 

in 

r- 

CO 

KN 

1  CL 

L_ 

1 

i  © 

1 

in 

in 

in 

in 

in 

in 

in 

» 

1  L_ 

» 

u 

L. 

u 

u 

L. 

in 

i 

X 

1 

© 

© 

CP 

© 

© 

© 

© 

© 

© 

1 

.n 

Ci 

c 

r*. 

-C 

.o 

-O 

— 

1  X 

■C 

1 

F 

F 

F 

c 

F 

F 

F 

u 

J  © 

c 

1 

3 

3 

3 

2 

3 

3 

3 

© 

1  -c 

— 

1 

C 

C 

C 

c 

C 

C 

C 

CL 

1  c 

1 

in 

1  — 

>- 

1 

in 

in 

in 

in 

in 

in 

in 

1 

4> 

t 

© 

© 

© 

CP 

a? 

© 

© 

On 

1  >- 

— 

1 

— 

•— 

•— ■ 

— 

— 

•— 

— 

1  4- 

in 

1 

o 

u 

o 

u 

o 

o 

u 

1  — 

i_ 

1 

o 

© 

© 

a> 

0) 

© 

© 

u 

i  in 

© 

1 

Q. 

C. 

CL 

CL 

CL 

CL 

Cl 

o 

1  L» 

> 

1 

tn 

in 

in 

in 

in 

in 

in 

t  © 

— 

t 

1 

j  > 

a 

l 

© 

!  o 

in 

l 

UJ 

0) 

0) 

© 

© 

© 

© 

© 

4- 

i 

c 

1 

4- 

-4- 

4- 

4- 

4- 

4- 

o 

t  in 

3 

1 

< 

© 

CC 

© 

© 

© 

© 

© 

H- 

1  c 

0 

1 

o 

cn 

O) 

CD 

CN 

U) 

o 

o 

l  0 

1 

UJ 

© 

0) 

a; 

a 

© 

© 

© 

1  C 

— 

1 

cc 

L. 

k_ 

L_ 

L_ 

u 

u 

u 

1  c 

1 

8 

on 

O) 

U) 

CT 

cn 

cr 

cn 

1  © 

— 

1 

C T 

O 

cr 

CT 

O) 

o 

cn 

1  -C 

L. 

1 

< 

< 

< 

< 

< 

< 

< 

< 

i  on 

m 

1 

Table  D-02.  -  Statistics  For  Preston  B i cj  Spring,  07/12/80. 

Habitat  Type:  gravel  and  sand 

Animals  per  meter  squared. 
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Table  E-l-  Visual  Counts  of  Fish  at  Pahranagat  {outflow  of  Ash  Spring) 
June,  1980.  1  =  First  Count  2  =  Second  Count 
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Poecilia  mexlcana 
Gambusla  affinis 


Table  E-2.  Visual  Counts  of  Fish  at  Pahranagat  (outflow  of  Ash  Spring). 
July,  1980.  1  *  First  Count,  2  =  Second  Count. 
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Counts  of  Fish  at  Pahranagat  (outflow  of  Ash  Spring) 
First  Count. 


3  Gila  robusta  jordanl 
=  Rhinlchthys  osculus 
-  Clchlasoma  nlgrofaclatum 
=  Poecllia  mexlcana 
=  Gambusia  afflnls 
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DEPTH  (  METERS  ) 

Fig.  E-3.  Response  of  Rhlnlchthys  osculus  to  depth  during 

July  through  September,  1900,  at  Preston  Big  Spring. 
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CURRENT  (  METERS  PER  SECOND  ) 

Fig.  E-5.  Response  of  Crenlchthys  balleyl  to  current  during 

July  through  September,  1980,  at  Preston  Big  Spring. 
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Fig.  E-6.  Response  of  Crenichthys  baileyl  to  depth  during 

July  through  September,  1900,  at  Preston  Big  Spring 


120.00 


Fig.  E-8.  Response  of  Crenlchthys  nevadae  to  current  during 

July  through  September,  1900,  at  Lockes  Ranch  Spring 


OO'OCI 


Fig.  E-9.  Response  of  Crenlchthys  nevadae  to  depth  during 

July  through  September,  1980,  at  Lockes  Ranch  Spring 
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Table  F-l.  Results  of  food  habits  from  11  intestines  of  Rhinichthys 
osculus  collected  from  Preston  Big  Spring  during  June, 
1980.  Mean  total  length  (TL )  of  fish  examined  *  49.2  mm. 


5  Frequency 
of  Occurrence 


Mean  Number  Mean  % 
per  Occurrence  Volume 


Table  F-2.  Results  of  food  habits  from  10  intestines  of  Rhinichthys 
osculus  collected  from  Preston  Big  Spring  during  July, 

1 980.  Mean  total  length  (TL)  of  fish  examined  =  42.3  mm. 


Food 

%  Frequency 

Of  Occurrence 

Mean  Number 
per  Intestine 

Mean  ! 
Volume 

RI 

A1  gae 

Filamentous  algae 

50 
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14 

Diatoms 
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<  1 
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Macrophyte 

10 

<  1 
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Plant  seed 

20 
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Amorphous  plant 

material 

10 
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10 
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Trichoptera 

Hydroptil idae 
Oxvethira  larvae 

90 
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41 

32 
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10 
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30 

1.4 
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Unidentified  aquatic 

insects 

30 

12 

10 

GastroDoda 

Fluminicula  ooerculum 

20 

0.2 

2 
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Copepod 

10 

0.1 

<0.1 

3 

Fish  scales 

20 

0.8 

3 
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Detri tus 
Gravel 
Debris 


10 

60 
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10 
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Table  F-3. 

Results  of  Food  habits  from  10  intestines  of  Rhinichtnys 
osculus  collected  from  Preston  Biq  Sorinq  durinq  Auqust. 

1980.  Mean,  total  length  (TL)  of  fish  examined  =  37.7  mm. 

-  ’■  /l 
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l 

Food 

%  Frequency  Mean  Number  Mean  % 

of  Occurrence  per  Intestine  Volume  RI 

lable  F-4.  Monthl  '  selectivity  of  certain  animal  foods  by  fishes  In  Preston  Big  Spring  during  1980.  Foods 
for  which  Indexes  are  reported  represent  major  components  of  Intestine  and/or  habitat  samples. 
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Table  F-5.  Results  of  food  habits  from  10  intestines  of  Rhini chthys 

osculus  collected  from  Preston  Big  Spring  during  September, 
1980.  Mean  total  length  (TL)  of  fish  examined  =  37.0  mm. 
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Frequency 
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Mean  Number 
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Mean  % 
Volume 

RI 

A1  gae 

Filamentous  algae 

60 
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16 

Diatoms 
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41 

27 
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10 
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10 
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insects 
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Taole  F-6.  Results  of  food  habits  from  11  intestines  of  Crenichthys 
baileyi  collected  from  Preston  Big  Spring  during  June, 
1980."  Mean  total  length  (TL)  of  fish  examined  =  43.4  mm. 


%  Frequency 
of  Occurrence 


Mean  Number 
per  Intestine 


Mean  % 
Volume 


Algae 

Filamentous  algae 
Diatoms 

Aquatic  macro,  hyte 
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Trichoptera 
Hydroptil idae 
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HydrootiTa  adul  t 
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Diptera 

Chironomidae  larvae 
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Libertia 
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24 
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Table  F-7.  Results  of  food  habits  from  10  intestines  o f  Crenicnthys 
baileyi  collected  from  Preston  Big  Spring  during  Ouly," 

1 980. Mean  total  length  (Tl)  of  fisn  examined  =  38.2  mm. 
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%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
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A1  gae 

Filamentous  algae 

100 

48 

42 

Diatoms 

30 

6 

10 

Higher  plant 

20 

4 

7 

Trichootera 

Hydropti 1 idae 
Oxvethira  larvae 

30 

0.3 

3 

9 

Oxvetnira  pupae 

10 

0.2 

2 

3 

Coleoptera  adult 

20 

0.2 

3 

7 

Di Ptera 

Chironomidae  larvae 

20 

2.3 

6 

7 

Acarina 

10 

0.1 

<1 

3 

Ostracod 

10 

0.1 

<1 

3 

Snail  operculum 

10 

0.3 

<1 

3 

Fish  scale 

20 

0.4 

1 

6 

Detri tus 

Gravel 

Debri s 

10 

90 

1 

25 

Table  F-8.  Results  of^food  habits  from  10  intestines  of  Crenichthys 
bail ey i  collected  from  Preston  Big  Spring  during  August, 
1980.  Mean  total  length  ( TL>  of  fish  examined  =  32.7  mm 


Food 

Algae 


*  Frequency 
of  Occurrence 


Mean  Number  Mean  % 
per  Intestine  Volume 


Filamentous  algae 

60 

Diatoms 

70 

Higher  plant 

50 

Trichoptera 

Hydroptil idae 

Oxvethi ra 

10 

3.3 

Diptera 

Chironomidae  larvae 

20 

0.  A 

Insecta  eggs 

50 

Ostracod 

10 

0.1 

Detri tus 

80 

Table  F-9.  Results  of  food  habits  from  10  intestines  of  Crenichthys 
baileyi  collected  from  Preston  Big  Spring  during  September 
1980. Mean  total  length  (TL)  of  fish  examined  =  41.6  mm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 

Vol ume 

RI 

Algae 

Filamentous  algae 

90 

20 

36 

Diatoms 

10 

2 

4 

Higher  plant 

20 

10 

10 

Amorphous  plant 

60 

26 

28 

Trichoptera 

Hydroptil idae 

Oxyethira 

10 

0.1 

2 

4 

Insect  egg 

20 

3 

8 

Acarina 

20 

0.3 

<1 

7 

Amp hi  pod 

10 

0.1 

<0.1 

3 

Detritus 

Gravel 

30 

6 

Debri s 

80 

32 

Table  F-10.  Results  of  food  habits  from  10  intestines  of  Catostomus 
clarki  sampled  from  Preston  Big  Spring,  during  June, 

1 980.  Mean  total  length  (TL)  of  fish  sampled  =  174.2  mm. 


Food* 

*  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  * 

Vo  1 ume 

RI 

Filamentous  Algae 

25.0 

10 

16 

Amorphous  Plant 
Material 

100.00 

39 

84 

Detritus 

12.8 

1 

♦Two  fish  sampled  had  empty  intestines 


Table  F-ll .  Results  of  food  habits  from  10  intestines  of  Catostomus 
clarki  sampled  from  Preston  Big  Spring  during  July, 

1980.  Mean  total  length  (TL)  of  fish  sampled  -  205.0  mm. 


Food 

*  Frequency 
of  Occurrence 

Mean  Number 
Per  Intestine 

Mean  * 

Vo  1 ume 

RI 

Filamentous  algae 

10 

2 

4 

Diatoms 

80 

21 

35 

Higher  Plant 

10 

2 

4 

Amorphous  Plant 
Material 

100 

64 

57 

Detritus 

Gravel 

Oebris 


20 

20 


2 

11 


Taple  F-l 2.  Results  of  food  habits  from  8  intestines  of  Crenichthys 
nevadae  collected  from  Big  Spring  at  Lockes  Rancn  auring 
y  June,  1980.  Mean  total  length  (TL)  of  fish  examined  = 

45.7  mm. 

* 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

Algae 

Filamentous  algae 

62.5 

20 

23 

Macrophyte 

Aquatic 

12.5 

1 

4 

Terrestrial 

25.0 

3 

8 

Plant  seed 

12.5 

1 

4 

GastroDOda 

62.5 

12.8 

54 

32 

Amphipod 

12.5 

0.1 

1 

4 

Ostracod 

50.0 

3.1 

5 

15 

Fish  scale 

37.5 

4 

11 

Detritus 


62.5 


10 


Table  F-13.  Monthly  selectivity  of  certain  animal  foods  by  fishes  In  Big  Spring,  Lockes  Ranch  during  1980. 

Foods  for  which  Indexes  are  reported  represent  major  components  of  Intestine  and/or  habitat 
samples. 


Table  F-14.  Results  of  food  habits  from  10  intestines  of  Crenichthys 
nevadae  col  1 ected  from  3 i g  Soring  at  Lockes  Rancn  auring 
July,  1980.  Mean  total  length  (TL)  of  fish  examined  = 
23.2  mm. 


Food 

*  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  * 

Vol ume 

RI 

A1  gae 

Filamentous  algae 

10 

4 

4 

Amoronous  plant 
material 

20 

1 

7 

Di ptera 

Chironomiaae  larvae 

50 

2.6 

3 

16 

Acar:na 

30 

1.4 

<1 

9 

Gastropoda 

10 

0.7 

2 

4 

Ostracod 

100 

401 .8 

83 

57 

Fish  scale 

10 

0.1 

<  1 

3 

Detritus 


30 


8 


Table  F-15.  Results  of  food  habits  from  10  intestines  of  Crenichthys 
nevadae  collected  from  Big  Spring  at  Lockes  Ranch  durin 
August,  1980.  Mean  total  length  (TL)  of  fish  examined 
24.7  irm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 

Vol ume 

RI 

Algae 

Filamentous  algae 

50 

9 

16 

Higner  plant 

10 

<1 

3 

Hemiotera  adult 

10 

0.1 

2 

3 

01 ptera 

Chironomidae  larvae 

70 

2.2 

9 

21 

Acarina 

30 

0.3 

2 

9 

Emphipod 

30 

0.8 

12 

11 

Ostracod 

90 

30.3 

43 

36 

Detritus 


80 


23 


ii  in 


TaDle  F-16.  Results  of  food  habits  from  10  intestines  of  Crenichthys 
nevadae  collected  from  Big  Spring  at  Lock.es  Ranch  during 
September,  1980.  Mean  total  length  (TL)  of  fish  examined 
■J"  =  30.9  mm. 


is 

i 

;e 


K 


Food 

%  Frequency 

Of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

A1  gae 

Filamentous  algae 

60 

5 

18 

Eohemeroptera 

Unidentified  larvae 

10 

0.1 

10 

6 

Di ptera 

Chrionomidae  larvae 

40 

1.2 

3 

12 

Acari na 

20 

1.0 

1 

6 

Gastropoda 

Hydrobiidae 

50 

4.0 

18 

19 

AmDhipod 

10 

0.1 

4 

4 

Ostracod 

80 

70.3 

26 

29 

Fish  sclae 


20 


3.3 


3 


6 


Table  F-17 


Results  of  food  habits  from  120  intestines  of  Empetrichthys 
latos  from  Manse  Spring,  Nevada  during  1961-1963.  Mean 
standard  length  (SL)  *  42.6  mm. 


* 


Table  F-18.  Results  of  food  nabits  from  10  intestines  of  Rhinichthys 
osculus  collected  from  Ash  Spring  during  June,  I960.  Mian 
total  length  (XL)  of  fish  examined  =  37.5  mm. 


Taole  F-20.  Results  of  food  habits  from  10  intestines  of  Rhinichthys 

oscul us  collected  from  Ash  Spring  during  August,  1980.  Mean 
tota1!  length  (TL)  of  fish  examined  =  34.7  mm. 


V 

/« 

Food  of 

Frequency 

Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

A1  gae 

Soi roayra 

40 

2 

12 

Oedogonium 

10 

1 

3 

Amorphous  plant 
material 

10 

1 

3 

Trichoptera 

Hydroptil idae 

Oxvethira 

10 

0.1 

6 

5 

Unidentified 

genera 

100 

4.5 

34 

38 

Diptera 

Chironomidae  larvae 

50 

1.3 

8 

16 

Unidentified  pupae 

20 

0.2 

6 

7 

Other  Insecta 
Unidentified  adult 

20 

1 

6 

Unidentified  animal 
material 

20 

18 

11 

Detritus 


100 


23 


Table  F-21.  Monthly  selectivity  of  certain  animal  foods  by  fishes  in  Ash  Spring  during  1980.  Foods  for  which 
Indexes  are  reported  represent  major  components  of  intestine  and/or  habitat  samples. 


Ilydtopti  1  idae  includes:  Oxyethira 


4 


'able  r-22.  Results  of  food  habits  from  11  intestines  of  Gambusia 

affi ni s  collected  from  the  outflow  of  Ash  Soring  during 
Seotember,  1980.  Mean  total  length  (TL)  of  fish  examined  =  30.0  mm. 


o 

o 

CL 

o 

«5<* 

Frequency 

Occurrence 

Mean  Number 
per  Occurrence 

Mean  % 
Volume 

RI 

Col lembola 

9.1 

0.7 

4 

4 

Trichoptera 

Hydroptil idae 

Oxvethi ra 

9.1 

0.1 

<1 

3 

Diptera 

Chironomid  adult 

27.3 

0.4 

16 

15 

Unidentified  adult 

18.1 

0.2 

D 

8 

Hymenootera 

Formi cidae 

9.1 

0.1 

7 

6 

GastroDOda 

Melanoides  tuberculatus 

9.1 

0.1 

1 

3 

Other  Insects 

36.4 

0.5 

10 

16 

Unidentified  insect  larvae 

!  9.1 

27.3 

3 

4 

Unidentified  adult  insect 

64.0 

1.8 

49 

39 

Detri tus 


36.0 


3 


Table  F- 23.  Results  of  food  habits  from  10  intestines  of  Poeci  1  i a 

mexicana  collected  from  the  outflow  of  Ash  Soring  curing 
June,  1980.  Mean  total  length  (TL)  of  fish  sampled  =  54.7  mm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number  Mean  % 

per  Occurrence  Volume 

RI 

A1  gae 

So i roqyra 

100 

36 

59 

Comosooocon 

60 

1 

31 

Detritus 

100 

63 

Table  F-24.  Results  of  food  habits  from  10  intestines  of  Poeci  1  i a 

mexicana  collected  from  the  outflow  of  Ash  Spring  auring 
July,  1980.  Mean  total  length  (TL)  of  fish  sampled  =  52.0  mm. 


Food 


*  Frequency  Mean  Number  Mean  % 
of  Occurrence  per  Occurrence  Volume  RI 


Algae 

Soiroqyra 


100 


27  100 


Oetri tus 


100 


73 


Table  F-25.  Results  of  food  habits  from  10  intestines  of  Poeci 1 ia 

mexi cana  collected  from  the  outflow  of  Ash  Spring  during 
August,  1980.  Mean  total  length  (TL)  of  fish  sampled  =  40.6  mm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

Algae 


Sdi rooyra 

100 

15 

44 

ComosoDoaon 

10 

<1 

4 

Oeaoaonium 

100 

26 

48 

Unidentified  filament 

10 

<1 

4 

Detritus 

100 

58 

Table  F-26.  Results  of  food  habits  from  10  intestines  of  Poeci 1 ia 

mexi cana  collected  from  the  outflow  of  Ash  Spring  during 
SeDtemoer,  1980.  Mean  total  length  (TL)  of  fish  sampled  =  46.5  nm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

Algae 


Sdi'  rooyra 

80 

20 

70 

Lynqbya 

10 

1 

8 

Qedoaonium 

20 

1 

14 

Unidentified  filament 

10 

1 

8 

Detritus 


100 


77 


Table  F-27.  Results  of  food  habits  from  10  intestines  of  Cichlasoma 
niqrofasciatum  from  the  outflow  of  Ash  Spring  during 
June,  1980.  Mean  total  length  (TL)  of  fish  sampled  =  36.0  mm. 


%  Frequency  Mean  Number  Mean  % 

Food  of  Occurrence  per  Intestine  Volume  RI 


Algae 
So i roayra 
Oedogonium 
Comosooogon 

Amorphous  plant 
material 

Ephemeroptera 

Saetidae 

Trichoptera 
Leptoceridae 
Nectoosyche 
Hydropti 1 idae 

Lepidoptara 
Pyral idae 
Parargyractis 


Coleoptera 

Elmidae 

Microcyl loeous 


Oiptera 

Chironomidae  larvae 
Chironomidae  pupae 

Other  Insecta 


90 

1 

19 

10 

*1 

2 

20 

10 

6 

10 

9 

4 

30 

0.3 

1 

4 

20 

0.3 

3 

5 

80 

9.0 

3 

18 

10 

0.1 

4 

3 

20 

0.2 

1 

4 

80 

57.2 

51 

27 

20 

0.2 

<  1 

4 

10 

0.1 

<1 

2 

Oetri tus 


100 


11 


Table  "-28.  Results  of  food  habits  from  10  intestine^  of  Cichlasoma 

ni aror'asciatum  from  the  outflow  of  Ash  Spring  during  July, 
1980.  Mean  total  length  (TL)  of  fish  sampled  =  42.8  nw. 


Food 

2  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  2 
Volume 

RI 

Algae 


SDi roqvra 

100 

55 

27 

Comosoooqon 

20 

<T  1 

4 

Amorphous  plant 

material 

70 

4 

13 

Eohemeroptera 

Baetidae 

20 

0.2 

<1 

3 

Trichoptera 

Leptoceridae 

NectODSyche 

Hyaropti ) idae 

20 

0.3 

1 

4 

Oxyetnira 

ijniaentified 

20 

0.9 

1 

4 

genera 

100 

6.8 

3 

18 

Coleoptera 

Elmidae 

Microcylloeous 

30 

0.8 

1 

5 

Diotera 

Chironomiaae  larvae 

100 

17.8 

11 

19 

Gastropoda 

20 

0.2 

<  1 

3 

Detri tus 

100 

23 

647 


vT  r  a 


Table  F- 29 .  Results  of  food  habits  from  10  intestines  of  Cichlasoma 

niqrofasciatum  from  the  outflow  of  Ash  Spring  during  August, 
1980.  Mean  total  length  (TL)  of  fish  sampled  =  34.7  mm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

Algae 

Soiroayra 

100 

4 

18 

tompsooocon 

10 

8 

3 

Unidenti fied 

branched  filament 

10 

<1 

2 

Amorphous  plant 

material 

10 

1 

2 

Ephemeroptera 

3aetidae 

50 

1.1 

2 

9 

Trichoptera 

Hydrootil idae 

Oxyethi ra 

80 

2.2 

8 

15 

Unidentified 

genera 

100 

13.8 

13 

20 

Unidentifed  pupae 

10 

0.1 

<  1 

2 

Oiptera 

Chironomid  larvae 

90 

22.9 

40 

22 

Unidentified  larvae 

10 

0.3 

<1 

2 

Unidentified  pupae 

10 

0.1 

<1 

2 

Unidentified  adult 

10 

0.2 

<1 

2 

Copepod 

Detritus 

10 

100 

0.1 

<1 

24 

2 

648 


'able  r -30 .  Results  of  food  habits  from  1C  intestines  of  Cichlasoma 

niarofasciatum  from  the  outflow  of  Ash  Spring  during  September, 
1980.  Mean  total  length  (TL)  of  fish  sampled  =  45.1  mm. 


Food 

%  Frequency 
of  Occurrence 

Mean  Number 
per  Intestine 

Mean  % 
Volume 

RI 

A1  gas 

Soiroavra 

50 

23 

16 

Unidentified 

branched  filament 

60 

6 

14 

Amorphous  plant 
material 

10 

1 

2 

Collembola 

10 

0.1 

£  1 

2 

Ephemeroptera 

Baetidae 

10 

0.1 

1 

2 

Odonata 

Libel lulidae 

20 

0.2 

8 

6 

Trichoptera 

Hydropti 1 idae 

Oxyetni ra 

50 

3.0 

12 

13 

Unidentified 

genera 

60 

6.2 

6 

14 

Diptera 

Chirononid  larvae 

70 

7.1 

9 

17 

Ceratopoaon-'dae 

20 

1.3 

2 

5 

Unidentified  larvae 

10 

0.1 

1 

O 

im 

Ostracod 

20 

1.4 

1 

5 

Detritus 


100 


30 


Figure  F-  1.  Relative  percent  composition  of  major  invertebrate  community 
components  by  habitat  types.  Preston  Big  Spring,  June,  1980. 

N  «  total  density  of  organisms  used  in  calculation  of  percentages. 
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Figure  F-  2.  Relative  percent  composition  of  major  invertebrate  community 
components  by  habitat  types.  Preston  Big  Spring,  July,  1980. 

N  =  total  density  of  organisms  used  in  calculation  of  percentages. 
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Figure  F-3  .  Relative  percent  composition  of  major  invertebrate  comnunity 

components  by  habitat  types.  Preston  Big  Soring,  August,  1980. 

N  *  total  density  of  organisms  used  in  calculation  of  percentages 
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Figure  F-4  .  Relative  percent  composition  of  major  invertebrate  community 

components  by  habitat  types.  Preston  Big  Spring,  September,  1980. 
N  -  total  density  of  organisms  used  in  calculation  of  percentages. 
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Figure  F-5. 


Results  of  food  habits  for  Rhi  ni chthys  oscul us  expressed 
as  percentage  volume  of  the  total  diet.  Preston  Big 
Spring,  Nevada,  June,  1980.  N  a  11. 
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Figure  F- 6  .  Results  of  food  habits  for  Rhinichthys  oscul us  expressed 
as  percentage  volume  of  the  total  diet.  Preston  Big 
Spring,  Nevada,  July,  1980.  N  *  10. 
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F  i  gure  F-  9  . 


Results  of  food  nabits  for  Crenichthys  baileyi  expressed  as 
percentage  volume  of  the  total  diet. Preston  Big  Spring, 
Nevada,  June,  1980.  N  *  11. 
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igure  F-15.  Relative  percent  comoosition  of  major  invertebrate  comnunity 
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Figure  F-17.  Relative  percent  composition  of  major  invertebrate  community 

components  by  habitat  types.  Lockes  Ranch  Spring,  August,  1980. 

N  _  total  density  of  organisms  used  in  calculation  of  percentages. 
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Results  of  food  habits  for  Crenichthvs  nevadae  expressed 
as  percentage  volume  of  the  total  diet.  Big  Spring  at 
Lockes  Ranch,  Nevada,  July,  1980.  N  »  10. 
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figure  F-23 . 


Relative  percent  composition  of  major  invertebrate 
comoonents  by  habitat  types.  Shoshone  North  Pond, 
N  *  total  density  of  organisms  used  in  calculation 
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Figure  F-24.  Relative  percent  composition  of  major  invertebrate  community 
components  by  habitat  types.  Shoshone  North  Pond,  July,  1980. 

N  =  total  density  of  organisms  used  in  calculations  of  percentages. 
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Figure  F-25 .  Relative  percent  composition  of  major  invertebrate  coimunity 

components  by  habitat  types.  Shoshone  North  Pond,  August,  1980. 

N  =  total  density  of  organisms  used  in  calculation  of  percentages 
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Figure  F-26  .  Relative  percent  composition  of  major  invertebrate  conmunity 
components  by  habitat  types.  Shoshone  North  Pond,  September, 
1980.  N  =  total  density  of  organisms  used  in  calculation  of 
percentages . 
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igure  F-29  .  Relative  percent  composition  of  major  invertebrate  community 

components  by  habitat  types.  Outflow  of  Ash  Spring,  July,  1980. 

N  =  total  density  of  organisms  used  in  calculation  of  percentages 


N  =  387 


N  =  17 


Spiny  Naid  Covered  Mud 
(excluding  Mollusca) 


Flowing  Water  Drift 


I 


-30.  Relative  percent  composition  of  major  invertebrate  connunity 

components  by  habitat  types.  Outflow  of  Asn  Spring,  August,  1980. 
N  3  total  density  of  organisms  used  in  calculation  of  percentages. 
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Figure  F -  31.  Relative  percent  comDosition  of  major  invertebrate  community 
components  by  habitat  types.  Ash  Spring,  September,  1980. 

N  =  total  density  of  organisms  used  in  calculation  of  percentages. 
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Figure  F-32. 


Results  of  food  habits  for  Rhinichthvs  osculus  expressed  as 
percentage  volume  of  the  total  diet."  Outflow  of  Ash  Spring, 
Nevada,  June,  1980.  N  =  10. 
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Figure  F-33.  Results  of  food  habits  for  Rhinichthvs  osculus  expressed  as 
percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  July,  1980.  N  =  10. 
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Figure  F- 36.  Results  of  food  habits  for  Poecilia  mexicana  expressed  as 

percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  August,  1980.  N  *  10. 
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Figure  F- 37.  Results  of  food  habits  for  Poecilia  mexicana  expressed  as 

percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  September,  1980.  N  =  10. 
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Figure  F-38  .  Results  of  food  habits  for  Poecilia  mexicana  expressed  as 

percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  June,  1980.  N  *  10. 


Figure  F-  39  Results  of  food  habits  for  Poecilia  mexicana  expressed  as 

percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  July,  1980.  N  *  10. 
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Figure  F- 40- 


Results  of  food  habits  for  Cichlasoma  niqrofasciatum  expressed 
as  percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  June,  1980.  N  *  10. 
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Figure  F- 41.  Results  of  food  habits  for  Cichlasoma  niqrofasciatum  expressed 
as  percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  July,  1980.  N  *  10. 
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Figure  F-42 •  Results  of  food  habits  for  Cichlasoma  nigrofasciatum  expressed 
as  percentage  volume  of  the  total  diet.  Outflow  of  Ash  Spring, 
Nevada,  August,  1980.  N  *  10. 
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Figure  F-  43.  Results  of  food  habits  for  Cichlasoma  nigrofasciatum  expressed 
as  percentage  volume  of  the  total  diet.  "Outflow  of  Asn  Spring, 

Nevada,  September,  1980.  N  *  10.  „ 
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ABSTRACT 


An  aquatic  resource  survey  was  conducted  on  the  Leland  Harris 
Springs  complex  in  western  Utah  during  June,  July,  August,  and 
September  1980.  Parameters  examined  included  water  quality  and 
populations  of  benthic  invertebrates,  plankton,  and  fish.  Primary 
emphasis  was  on  distribution  and  abundance  of  fish  populations. 

Least  chub  and  Utah  chub  were  the  only  fish  present  and  were  abundant 
and  widely  distributed  throughout  the  spring  complex.  Microdistribu¬ 
tion  of  fisn  was  influenced  by  physical  conditions  in  the  marsh  areas 
such  as  low  nighttime  O2  concentrations  and  high  daytime  temperatures 
wnich  resulted  in  fish  concentrating  in  the  springheads  which  ex¬ 
hibited  more  stable  physical  conditions.  Least  chub  were  found  to 
be  diurnal  with  maximum  activity  occurring  during  the  day. 

Two  year  classes  of  least  chub  were  present  during  the  sample 
periods.  Utah  chub  populations  contained  a  distinct  young-of-the- 
year  and  juvenile  age  class  and  an  uncertain  number  of  older  age 
classes . 

Stomach  analyses  of  small  chubs  (<50  mm)  and  least  chubs  indi¬ 
cated  that  they  consumed  the  same  food  items.  Seasonal  changes  in 
the  dietary  habits  of  both  fish  was  evidenced  by  a  change  from  zoo¬ 
plankton  to  algae  and  detritus  as  the  primary  food  between  July  and 
August . 


INTRODUCTION 


The  MX  missile  system  has  been  proposed  by  the  U.S.  Air  Force  for 
deployment  in  the  desert  area  of  western  Utah  and  central  Nevada. 

HDR  Sciences  has  been  contracted  by  the  Air  Force  to  assess  the  po¬ 
tential  environmental  impacts  of  the  proposed  MX  project.  The  study 
reported  on  herein  is  a  portion  of  those  impact  studies  and  was  con¬ 
ducted  for  HDR  Sciences  under  Contract  HDR/RPA-11 . 

This  study  involved  an  analysis  of  the  aquatic  ecosystem  in  a 
spring  in  Snake  Valley,  located  in  west-central  Utah. 

The  Leland  Harris  Springs  complex  was  chosen  as  the  site  for  the 
inventory  because  it  contained  the  largest  remaining  population  of 
least  chubs  (Iotichthvs  phi eqethonti s  Cope)  of  any  known  site.  This 
spring  area  has  persisted  in  a  relatively  unmodified  state  in  the 
midst  of  agricultural  development  activities  which  have  altered  many 
of  the  other  springs  of  the  Snake  Valley. 

The  Leland  Harris  complex  is  a  group  of  springs  and  associated 
marsh  area  located  south  of  Partoun  in  Snake  Valley,  part  of  the 
Bonneville  and  Great  basins  (Figure  1).  The  Great  Basin  is  typified 
by  parallel  north-south  mountain  ranges  separated  by  broad  desert 
basins  (Christiansen  1951).  The  Snake  Valley  is  one  of  these  basins 
which  remained  after  the  desiccation  of  Pleistocene  Lake  Bonneville. 
Several  fish  maintained  a  relict  existence  in  the  Bonneville  Basin 
after  the  disappearance  of  Lake  Bonneville,  including  Rhy ni chthys 
oscul us  rel i cus  Hubbs,  a  Great  Basin  subspecies  of  dace,  Sal  mo 
clarki  utan  Suckley,  Utah  cutthroat,  and  the  least  chub. 
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Figure  1.  Map  showing  the  location  of  the  study  area. 
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Rhynichthys  osculus  relicus  is  now  extinct  due  primarily  to 
deterioration  of  its  aquatic  habitat  as  a  result  of  agricultural 
practices  (Hubbs  et  al .  1974).  The  Utah  cutthroat  remains  in  the 
Deep  Creek  Mountains  and  the  least  chub  is  still  found  in  Snake  Valley 
primarily  in  Leland  Harris  Springs  complex. 

The  least  chub  has  been  classified  as  either  rare  or  endangered 
by  the  American  Fisheries  Society,  the  Utah  Division  of  Wildlife  Re¬ 
sources,  and  the  Bonneville  Chapter  of  the  American  Fisheries  Society 
(Holden  et  al .  1974).  It  was  formerly  common  throughout  the  Great 
Basin  drainage  (Sigler  and  Miller  1963).  Records  of  former  distri¬ 
bution  include  Iron  County,  Utah,  in  1936  (Hubbs  and  Miller  1948)  and 
Big  Cottonwood  Creek  near  Salt  Lake  City  in  1954  (Pendleton  and  Smart 
1954).  Present  distribution  of  the  least  chub  is  limited  to  a  few 
spring-marsh  complexes  in  Snake  Valley  (Crawford  1979;  Workman  et  al . 
1979). 

Primary  objectives  in  this  study,  especially  in  reference  to  the 
least  chub,  were  to  determine  the  range  and  variability  of  aquatic 
biological  resources  within  the  area;  document  taxonomic  diversity  and 
identify  those  variables  tnat  form  the  most  accurate  predictors  of  the 
location  of  aquatic  biologic  resources  within  the  area. 


SITE  DESCRIPTION 


An  overall  map  of  the  Leland  Harris  Springs  complex  locating  the 
two  main  areas  under  study  is  presented  in  Figure  2.  Study  Area  1,  a 
100  m  by  100  m  square,  was  composed  of  several  springs  associated  with 
open  pond  areas  and  a  number  of  apparently  isolated  springs  and  ponds 
(Figure  2).  Study  Area  2,  also  1  hectare  in  size,  primarily  com¬ 
prised  Spring  1,  its  channel,  and  the  marsh  below  it  (Figure  2). 

This  second  area  was  monitored  because  previous  studies  (Crawford  1979; 
Workman  et  al .  1979)  had  been  conducted  at  this  site.  Also,  it  repre¬ 
sented  a  different  type  of  spring-marsh  system,  one  in  which  the  spring 
contributed  more  flow  to  the  marsh  than  springs  in  Study  Area  1.  The 
marshes  also  contained  an  additional  vegetation  type,  bullrushes, 
which  were  not  found  in  Study  Area  1.  Other  less  intensively  studied 
areas  within  the  complex  included  Spring  10  and  its  associated  marsh 
area  located  immediately  east  cf  Study  Area  1  and  Spring  2  in  the  south 
ern  end  of  the  complex  (Figure  2).  Site  descriptions  of  each  pond 
and/or  spring  on  which  data  were  collected  are  included  in  Table  1. 
Locations  of  the  individual  springs  and  ponds  within  Study  Area  1  are 
presented  in  Figure  3.  Aerial  photos  on  which  Figure  2  was  based  are 
presented  in  Appendix  1. 


Table  1.  Site  descriptions,  June  1980  -  September  1980. 


Study  Area 
exhibited 

Spri ng 

Spri ng 

Spri ng 

Spri ng 

Spring 

Spri ng 
Pond  1 


(Figures  2  and  3)  -  Area  was  fenced  off  to  cattle  and 
little  damage  typically  associated  with  livestock. 

4  -  Consisted  of  primary  spring  approximately  5  m  in 

diameter  with  secondary  pool  associated  with  it. 

Bottom  was  covered  with  thick  mats  of  Chara  and  fila¬ 
mentous  algae  in  deeper  sections.  Average  depth  was 
.3-1  m.  Noticeable  outflow  (<.l  cfs)  to  Pond  2  in 
June  and  September. 

5  -  Springhead  to  Pond  2.  Springhead  approximately  1  m 

in  diameter  mostly  overgrown  with  vegetation.  Depth 
.3-. 6  m.  Connected  with  Pond  2  via  definite  narrow 
channel  .3-1.5  m  across.  Definite  flow  noted  but  less 
than  0.1  cfs  June  through  September. 

6  -  Isolated  springhead  with  no  surface  outlet  dimensions, 

approximately  1.3  m  x  2  m.  Average  depth  1  m  with 
some  deeper  holes.  Contains  ledges  below  water's 
surface  which  made  seining  very  difficult. 

7  -  Small  spring  approximately  .6  x  1  m,  feeding  a  small 

pool.  Spring  choked  with  algae  and  Chara  in  June  and 
July,  only  algae  was  present  in  August  and  September. 

8  -  Isolated  springhead  with  no  surface  outlet.  Dimen¬ 

sions  1.5  m  x  4  m.  DeDth  1-1.5  m  at  one  end  with  hole 
deeper  than  1.5  m  shelving  up  to  approximately  0.1  m 
at  opposite  end.  Chara  and  filamentous  algae  in 
shallow  end. 

9  -  Very  small,  0.6  m  in  diameter.  Choked  with  filamen¬ 

tous  algae. 

-  Large  body  of  open  water.  Surface  area  approximately 
0.75  hectare.  One  side  located  within  Study  Area  1. 

Depth  0. 2-0.6  m.  Bottom  completely  covered  in  thick 
mats  of  Chara  during  June.  Chara  decreased  and  pond 
was  dry  by  August;  some  water  present  again  in  September. 

Dimensions  approximately  30  m  x  1 5  m.  Depth  0.3-0. 6  m. 
Bottom  covered  with  thick  mats  of  Chara  in  June; 
noticeably  less  in  July,  August,  and  September. 

Separated  from  Pond  3  by  intrusion  of  wetland  meadow 
into  basin.  Fed  by  Spring  5. 


Pond  2 
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Table  1 .  Continued 


Pond  3 

Pond  4 

Pond  5 

Pond  6 

Pond  7 

Pond  8 
Pond  9 

Pond  10 
Pond  11 

Pond  12 

Pond  13 

Pond  14 

Pond  1  5 

Pond  16 


Dimensions  approximately  25  m  x  15  m.  Depth  0.3-1  m. 
Bottom  covered  by  thick  mats  of  Chara  in  June;  sub¬ 
stantial  reduction  in  July,  August,  and  September. 
Separated  from  Pond  2  and  Pond  3  by  intrusions  of  wet¬ 
land  meadows. 


Dimensions  approximately  25  m  x  10  m.  Depth  and  vege¬ 
tation  similar  to  Ponds  2  and  3. 


Dimensions  2  m  x  3  m.  Choked  with  Chara  except  for  two 
0 . 5-m  deep  holes . 

1  m  x  2  m,  shallow  relatively  free  of  Chara  and  other 
vegetation.  Dry  from  July  through  September. 

1  m  diameter.  Very  shallow,  depth  25  cm.  Dry  July- 
September . 

2  m  diameter;  shallow.  Dry  July-September . 

3  m  x  1  m.  Shallow;  little  vegetation.  Dry  July- 
September. 


Similar  to  Pond  9  but  smaller.  Dry  July-Septemoe1" . 

1  m  diameter;  shallow.  Dry  in  July  and  August,  some 
water  in  September. 

Large  pond  30  m  across.  Depth  0.3-1  m.  Bottom1  covered 
with  thick  mats  of  Chara  in  June;  less  Chara  present  in 
July  through  September. 

3  m  x  1  m;  shallow.  Some  Chara  and  algae  present.  Dry 
July-September. 


3-1/2  m  x  1  m;  shallow.  Bottom  wetland  meadow.  Dry  in 
July-September. 

Crescent  shaped  pond  approximately  3  m  across  and  15  m 
long;  shallow.  Bottom  wetland  meadow,  Chara  and  algae. 
Dry  July-September. 

Similar  to  Ponu  15,  but  smaller;  dry  July-September. 


Spring  10  -  Dimensions  approximately  8  m  x  3  m,  maximum  depth  1.5  m. 

Connected  with  a  marsh  area  via  long  narrow  channel. 
Similar  in  many  respects  to  Spring  1. 
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Table  1.  Continued 


Study  Area  2  -  Spring  1  and  locale  (Figure  2)  was  not  fenced  and  conse¬ 
quently  exhibited  extensive  bank  damage  and  erosion  around  springhead 
due  to  livestock  usage. 

Spring  1  -  Dimensions  approximately  15  m  x  10  m.  Maximum  depth 

2.5  m.  Vertical  sides  with  some  limited  shallow 
shelves  along  sides  with  assessory  spring  feeding  it 
from  the  southwest.  Main  spring  with  channel  30-40  m  •  • 

long  flowing  into  marsh  area. 

Spring  2  -  2  to  2.5  m  in  diameter.  Depth  1-1/2  m.  Limited  surface 

outflow  through  bullrushes  along  one  side.  Located  in 
south  end  of  marsh  (see  Figure  1). 

•  • 
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MATERIALS  AND  METHODS 


General 

The  Leland  Harris  complex  was  reviewed  during  a  *ield  reconnais¬ 
sance  in  June  193C.  This  review  was  used  to  set  up  study  sites, 
familiarize  the  crew  with  the  area  and  determine  field  sampling  pro¬ 
cedures.  Field  samples  were  taken  on  June  16-21,  July  14-19,  August 
13-22,  and  September  15-19,  1980. 

Mapping 

Study  Areas  1  and  2  were  each  mapped  once  during  the  study  by 
laying  out  one  hectare  square  grids  with  north-south  transects  5  meters 
apart  and  points  every  5  meters  along  the  transect.  Vegetation,  eleva¬ 
tion  using  a  level  and  stadia  rod,  and  landform  were  recorded  at  each 
5-meter  point.  Elevations  were  recorded  relative  to  a  head  stake. 

Water  Qua! i ty 

Water  samples  were  analyzed  according  to  Standard  Methods  (APHA 
et  al.,  1973).  Field  conductivity  and  dissolved  oxygen  were  measured 
with  a  YSI  model  33  S-C-T  meter  and  model  54A  oxygen  meter.  Field  pH 
measurements  were  made  with  an  Analytical  Measurements  model  107  meter. 
Total  hardness,  total  alkalinity,  and  chlorides  were  measured  using 
titration  techniques;  nitrate,  sulphate,  and  turbidity  were  measured 
spectrophotometrical ly  with  a  Sausch  and  Lomb  mini -spectrophotometer . 
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Water  levels  at  Springs  1  and  4  were  measured  during  each  sample  period 
by  staff  gages  emplaced  in  the  springheads.  Gages  were  not  set  to  a 
standard  depth  in  each  spring  and  readings  thus  measure  only  the  rela¬ 
tive  fluctuations  of  water  levels  for  each  spring. 

Phytoplankton  -  Periphyton 

Duplicate  whole  water  phytoplankton  samples  were  collected  in 
Springs  1  and  4  with  a  Van  Dorn  water  bottle.  Samples  were  preserved 
with  Lugols  solution  and  cupric  sulfate,  then  kept  in  the  dark  until 
analyzed. 

Periphyton  samples  were  taken  from  different  substrates  and  pre¬ 
served  in  Lugols  solution  and  cupric  sulfate  and  also  kept  in  the  dark 
until  analyzed.  Analyses  were  done  by  A1  Mahood,  an  algal  specialist, 
using  the  following  methodologies. 

Periphyton 

A  portion  of  one  aliquot  of  the  sample  was  transferred  to  a  1.3  ml 
capacity  settling  chamber.  Analysis  of  the  green  and  blue-green  algae 
was  made  under  appropriate  magnification  using  an  Olympus  IMT  inverted 
microscope.  Replicate  samples  were  examined  to  determine  90%  of  the 
species.  The  number  of  replicates  may  vary  with  the  comnunity  or  num¬ 
ber  of  dominants. 


To  determine  the  diatom  community  structure,  a  second  aliquot  was 
passed  through  a  series  of  washings  with  distilled  water.  After  re¬ 
moval  of  salts  and  colloidal  material,  an  incinerated  strew  slide  was 
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prepared  (mounted  in  Hyrax).  Identification  at  1000X  was  determined 
for  90%  of  the  species.  A  minimum  of  400  cells  per  slide  was  examined. 
(For  the  first  samples,  5  aliquots  were  examined  to  better  establish 
a  primary  list.) 

Further  cleaning  with  hydrogen  peroxide,  potassium  permanganate 
and  oxalic  acid  is  continuing  to  assist  in  identification  of  the  more 
difficult  species. 

Phytoplankton 

An  aliquot  of  the  plankton  samples  was  prepared  for  incineration 
to  establish  a  species  list  of  the  diatoms  prior  to  chamber  counts  with 
the  inverted  microscope. 

Special  preparation  of  the  plankton  aliquot  (diatoms,  green  and 
bluegreen  algae)  was  required.  The  sample  was  acidified  by  the  addi¬ 
tion  of  2  to  4  drops  of  HC1/250  ml  of  sample  in  order  to  remove  the 
CaC03  precipitate.  Care  was  taken  to  minimize  damage  to  the  algae. 
After  the  sample  had  been  acidified,  a  75  ml  aliquot  was  settled  in  a 
chamber.  Identification  of  species  was  determined  using  an  Olympus  IMT 
inverted  microscope  at  1000X.  Calculations  to  determine  cells/ml  were 
based  on  the  following  formula  taken  from  Slack  et  al.  (1973): 

Area  of  chamber  rrm2  .  Total  cell  count  x  Vol .  of  chamber  in  ml. 

Area  counted  mm2  Vol.  of  original  sample  x  1  ml . 
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Zooplankton 


Duplicate  zooplankton  samples  were  collected  from  open  water  areas 
with  a  Van  Dorn  water  bottle.  Fifteen  liters  of  water  were  strained 
through  a  64  mm  mesh  bucket  to  obtain  a  concentrated  sample  for  analy¬ 
sis.  Additional  zooplankton  were  sampled  by  short  (<3  m)  tows  with  a 
64  u  mesh  plankton  net. 

Species  diversity  values  for  invertebrate  and  plankton  popula¬ 
tions  were  calculated  using  the  Shannon-Weaver  species  diversity 
index  which  can  "be  expressed  as: 

d  =  -  I  (Ni/N)  log2  Ni/N 
where:  d  =  diversity 

Ni  =  number  of  individuals  in  the  ith  species 
N  =  total  number  of  all  species. 

Actual  computation  of  values  was  accomplished  using  the  machine  formula: 

d  =  £  (N  log  10  N  -  I  Ni  logio  Ni)1 

where:  C  =  3.322 

N  =  total  number  of  individuals 

Ni  *  total  number  of  individuals  in  the  ith  species. 
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Macroi nvertebrates 

Four  replicate  samples  of  macroinvertebrates  were  taken  with  a 
232  cm2  Ponar  dredge  in  each  selected  habitat  type  in  Springs  1  and  4. 
Intensity  of  macroinvertebrate  sampling  varied  between  the  Oune-July 
and  August-September  sampling  periods  in  Springs  1  and  4.  During  June 
and  July,  four  habitat  types  were  sampled  in  Spring  4;  Chara  in  the  open 
water  areas  of  the  spring,  wetland  meadow  consisting  mostly  of  sedges 
which  intruded  into  the  edges  of  the  spring,  filamentous  green  algae 
clumps  usually  associated  with  the  actual  entry  point  of  spring  water, 
and  a  flowing  channel  outlet.  Habitat  sampled  in  Spring  1  included 
only  the  shallow  shelf  areas  of  the  spring.  During  August-September 
sampling  periods,  emphasis  in  invertebrate  sampling  was  shifted  from 
Spring  4  to  Spring  1.  Chara  was  the  only  habitat  sampled  in  Spring  4. 
Four  habitat  types  were  sampled  from  Spring  1  and  its  associated 
areas.  These  included  the  shallow  shelf  area,  the  deep  bottom  area 
composed  of  a  peat  substrate,  the  outflow  channel  approximately  35 
meters  below  the  springhead  and  the  middle  arm  of  the  marsh  below 
Spring  1 . 

Samples  were  packaged  in  whirl -pak  bags  and  preserved  with  90% 
ethyl  alcohol  before  transportation  to  the  BIO/WEST  invertebrate 
laboratory  for  analysis. 

Aquatic  invertebrates  were  identified  to  the  lowest  practical 
taxonomic  level  using  a  variety  of  references,  which  included  Menke 
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1979,  Merritt  and  Cunnins  1978,  Pennack  1978,  Edmundson  1976,  Mason 
1973,  Edmondson  1959,  Usinger  1956,  Needham  and  Westfall  1954,  and 
hungerford  1948.  Chironomidae  larvae  were  identified  and  sent  to 
Or.  J.  E.  Sublette  at  the  University  of  Eastern  New  Mexico,  a  recog¬ 
nized  authority  on  chironomid  taxonomy,  for  verification. 

Results  from  the  four  benthic  samples  from  each  habitat  type 
were  pooled  to  obtain  a  mean  density  per  taxa.  Mean  density  was 
also  v-^mouted  for  the  total  sample. 

Fish 

Col  lection 

Fish  collection  techniques  included  use  of  a  15-foot  seine  with 
1/8-inch  mesh  and  baited  minnow  traps  lined  with  1.5  mm  mesh  netting. 
Fish  were  identified,  enumerated  and  measured  in  sufficient  numbers  to 
provide  length-frequency  data.  A  minimum  of  10  Utah  chubs  were  col¬ 
lected  and  imnediately  killed  and  preserved  in  10  percent  formalin  each 
month  for  stomach  analysis.  Ten  to  twenty  least  chubs  were  also  col¬ 
lected  for  stomach  analysis  in  August  and  September.  Larger  Utah  chubs 
in  selected  springs  were  tagged  with  numbered  fingerling  tags  to  record 
movements  and  document  growth.  Qualitative  visual  observations  of 
relative  fish  abundance  were  made  by  examining  plots  approximately  .1  m 
in  size  and  noting  the  abundance  of  fish.  Numerous  fish  were  also 
marked  by  fin  clips  in  order  to  estimate  populations  by  mark  and  re¬ 
capture  methods. 


The  formula  used  for  estimating  population  size  was  taken  from 
Ricker  (1971)  and  can  be  expressed  as: 

N  =  !!!£ 
r 

where:  N  =  Estimate  of  total  number  of  fish  in  the  population 
m  =  Total  number  of  fish  marked  in  the  population 
c  =  Number  of  fish  in  the  sample 
r  =  Number  of  marked  fish  recaptured  in  the  sample. 

The  standard  error  of  N  (S.E.  [N])  is  then  estimated  by  the  formula: 

S.E.  (N)  =  N  (N-m)  .(N-c) 
me  (N-l ) 


Stomach  Analysis 

Fish  preserved  in  formalin  for  stomach  analysis  were  first  washed 
in  tap  water,  then  preserved  in  40  percent  isopropyl  alcohol  before 
dissection.  Each  fish  was  opened  ventrally  and  all  viscera  removed. 
The  anterior  section  of  the  stomach  was  then  separated  from  the  re¬ 
mainder  of  the  intestinal  tract.  Stomach  fullness  was  estimated 
visually.  Food  items  were  sorted  and  identified  to  the  lowest  taxa 
possible  under  an  80X  Olympus  stereo  microscope  and  the  volume  that 
each  taxa  represented  of  the  total  mass  visually  estimated  with  the 
aid  of  a  calibrated  ocular  grid.  In  the  case  of  fish  between  11  mm 
and  30  to  40  mm,  and  when  stomach  contents  were  composed  primarily  of 
algae  and/or  detritus,  smears  of  stomach  contents  were  made  on 
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RESULTS 


Vegetation  and  Mapping 

Vegetation  within  Study  Area  1  was  primarily  composed  of  Sci rpus , 
Juncus,  Carex,  Eleocharis ,  Distich! is ,  and  Chara  (Table  2). 

There  were  three  major  vegetation  types:  the  open  water  type  com¬ 
posed  almost  totally  of  Chara;  the  upland,  dry  meadow  composed  primarily 
of  Carex  occidental  is ;  and  the  wetland  meadow  which  comprised  most  of 
the  study  area  and  was  dominated  by  Sci rpus ,  Juncus ,  Eleocharis,  and 
Distich! is .  Most  of  the  study  area  was  wetland  meadow  and  the  upland 
meadow  type  was  composed  of  small,  scattered  clumps  within  the  wetland 
meadow.  In  the  springs  themselves,  clumps  of  filamentous  green  algae, 
primarily  Spiroqyra  and  Mougeotia,  were  also  conrnon.  Small  scale  pat¬ 
terns  of  vegetation  (<25  m2)  were  not  revealed  due  to  the  coarseness  of 
the  method  employed. 

Figure  3  shows  the  vegetation  in  relation  to  the  ponds  and  springs 
of  Study  Area  1.  Figure  4  delineates  the  vertical  profiles  of  3  repre¬ 
sentative  cross-sections  of  Study  Area  1  with  water  levels  present  on 
June  17  shaded  in.  Elevations  were  all  relative  to  a  permanent  headstake. 

Vegetation  in  Study  Area  2  (Spring  1  and  locale)  was  very  similar 
to  the  first  study  area  with  the  exception  that  bull  rushes  were  present 
in  some  spots.  Study  Area  2  also  had  a  larger  percentage  of  high  ground 
than  Study  Area  1  (Figure  5). 
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Table 


.  Species  list  of  vegetation,  Study  Area  1. 


Sesuvi um  verrucosum  Raf 
Elymus  triticoides  Buckley 
Triqlochin  mari tima  L 
Scripus  punqens  Vahl.  (D)1 
Juncus  balticus  Willd  (D) 

Carex  occidental  is  Bailev  (D) 
Eleocharis  palustris  (L)  Rts.  (D) 
Distich! is  (D)  sp. 

Chara  (D)  sp. 

Potentilla  sp: 

Iris  sp. 


dominant  vegetation  types.  ! 
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Figure  4.  Three  cross-sections  of  Study  Area  1  showing  representative  vertical  profiles. 
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Figure  5.  Map  of  Study  Area  2. 
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Mater  Quality 

Water  levels  for  Springs  1  and  4  as  measured  by  staff  gages  are 
presented  in  Table  3.  Water  chemistry  data  for  Springs  1  and  4  are 
summarized  in  Table  4.  Additional  water  quality  data  were  collected 
from  a  variety  of  springs  and  ponds  in  Study  Area  1  (Table  5)  and  from 
trap  locations  in  and  around  Spring  1  (Tables  24  and  25).  Vertical 
and  diurnal  profiles  of  temperature  and  dissolved  oxygen  generated  for 
selected  sites  in  Study  Area  1  in  July  are  shown  in  Figures  6,  7,  and 
8. 


Table  3.  Water  levels,  Springs  1  and  4,  June- 
September  1980. 


Spring  1 

Spring  4 

June  1980 

57.20  cm 

54.46  cm 

July 

48.90  cm 

52.37  cm 

August 

48.26  cm 

53.04  cm 

September 

50.16  cm 

53.04  cm 

In  general,  the  springs  exhibited  cool,  stable  temperatures,  rela 
tively  low,  stable  dissolved  oxygen  values,  and  low  conductivities. 
Areas  such  as  Spring  1,  its  channel  and  marsh  below  often  exhibited 
distinct  water  quality  gradients,  particularly  in  the  afternoon  when 
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Table  4.  Selected  water  quality  parameters  for  Springs  1  and  4,  June  -  September  1900. 


Table  5.  Temperature  and  conductivity  for  21  sites  In  Study  Area  1,  June  -  September  1980. 
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Figure  6.  Temperature  fluctuations  for  3  sites  in  Study  Area  1  between  1200  July  15  and  0500  July  16,  1980 


Pond 
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Figure  7.  Olssolved  oxygen  fluctuation  for  3  sites  In  Study  Area  1  between  1200  July  15  and  0500  July  16,  1980. 


29 


the  marsh  displayed  higher  temperatures,  conductivity,  pH,  and  dis¬ 
solved  oxygen  than  the  springhead.  Channel  values,  though  transi¬ 
tional,  were  more  similar  to  the  springhead  than  marsh. 

Phy to plank ton -Periphyton 

Total  phytoplankton  densities  varied  widely  from  a  low  of  17.12 
cells/ml  in  Spring  4  in  June  to  a  high  of  858.84  cells/ml  in  Spring 
4  in  August.  Population  density  trends  were  the  same  for  Spring  1  and 
4,  with  low  populations  in  June,  increasing  to  a  peak  in  August,  after 
which  densities  decreased  to  almost  the  levels  observed  in  June  (Figure 
9). 

Species  composition  of  the  phytoplankton  was  dominated  by  diatoms 
during  each  sample  period,  except  for  the  August  sample  in  which  a 
bloom  of  Carteria  sp.  (Chlorophyta)  and  Cryptomonas  sp.  (Chlorophyta) 
occurred  in  Spring  4  (Table  6).  Corrmon  and  abundant  species  of  diatoms 
included  Achnanthes  minutissima  (Kutz)  v.  minutissima,  Fraqil laria  spp. , 
Nitzschia  paleacea  (Grunow) ,  Synedra  radians  (Kutz)  radians ,  Synedra 
ulna  (Nitz),  and  Gomphonema  spp.  Chlorophyta  and  Cyanophyta  were  not 
common  except  at  Spring  4  in  August.  Species  diversity  values  calculated 
for  the  phytoplankton  of  Springs  1  and  4  are  presented  in  Table  7. 
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Mean  phytoplankton  density  (cells/ml)  at  Leland  Harris  Springs  1  and  4,  June-September  1980 


Table  6.  Continued 


ar  (jus  v.  protracta 


Table  6.  Continued 


Table  7.  Shannon-Weaver  species  diversity  indices  for 
the  phytoplankton  communities  in  Springs  1  and 
4,  June-September  1980. 


Spring  1 
Spring  4 


Monthly  periphyton  species  lists  for  Spring  4  (June-September)  and 
Spring  1  (August  and  September)  (Table  8)  showed  Achnanthes  minutissima 
(Kutz)  minutissima ,  Cymbella  microcephala  (Grunow)  microcephala , 
Fraqillaria  spp.,  Nitzschia  frustulum  (Kutz),  N.  paleacea  (Grunow),  and 


Synedra  radians  (Kutz)  radians  to  be  among  the  most  commonly  occurring 


diatoms.  Chara  vulgaris  Linnaeus  and 


sp.  were  the  most  com¬ 


monly  occurring  green  algae.  Blue-green  algae  were  uncommon  in  the 
periphyton  community. 

Although  quantitative  periphyton  samples  were  not  taken,  qualitative 
visual  observations  indicated  that  in  most  cases  the  periphyton  community 
in  shallow  areas  of  springs  and  ponds  was  dominated  by  large  beds  of 
Chara  and  clumps  of  Spirogyra. 

Known  ecological  preferences  for  diatom  species  present  in  the 
phytoplankton  and  periphyton  is  listed  in  Table  9.  Most  species  had 
transcontinental  distributions  in  North  America,  were  alkaphilous  and 
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Table  8.  Occurrence  of  periphyton  species  in  Leland  Harris  Spring 
No.  4,  June-September  1980,  and  Spring  No.  1,  August  and 
September  1980. 


Species 


Spring  4 


Spring  1 


6/80  7/80  8/80  9/80  8/80  9/80 


Chlorophyta 

Chara  vulgaris  Linnaeus 


Cladophora 


Gleocystis 

Mougeotia 


Scenedesmus 


Ulothrix 


Bacillariophyceae 

Achnanthes  spp. 

A.  exigua  Grun  exigua 

A.  lanceolata  (Breb.)  Grun. 
lanceolata 

A.  minutissima  (Kutz)  v. 
mi  nuti ssima 

Amphora  spp. 

A.  oval  is  (Kutz)  Kutzinq  v. 
oval  is 

A.  perpusi 1  la  (Grun.)  Grunow 


Anomoeonei s  spp. 

A.  sphaerophora  (Ehr.) 
Pfitz  v.  sphaerophora 


733 
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Table  8.  Continued 


Species 


_ Spring  4 _  Spring  1 

6/80  7/80  8/80  9/80  8/80  9/80 


Bacillariophyceae  (continued) 

A.  sphaerophora  (Kutz.)  Pf. 

Cocconeis  spp. 

C.  placentula  _v.  1  inesta 

(Ehr.')  Cl  eve  X 

Cvmbella  spp. 

£.  affinis  Kutz.  v.  affinis  X 

£.  cistula  (Ehr.)  Kirchn 

C.  cymbiformis  Ag .  v . 
cymbiformis  X 

C.  mexicana  (Ehr.)  Cl.  v. 
mexicana  X 

C .  microcephala  Grunow 
microcephala  X 


C.  minuta  Hilse  ex  Rbab. 
minuta 

C.  tumida  (Breb.  ex  Kutz.) 

V.H.  v.  tumi da 

Denticula  spp. 

Diatoma  spp. 

D.  elonqatum  Ag.  X 

Diploneis  spp. 

Epithemia  spp. 

£.  argus  v.  protracta  A. 

Mayer  X 

E.  turqida  (Ehr.)  Kutz.  X 


X 


X 


X 

X 

X 

X 

X 

X 


X 


X 

X 


X 


X 

X 

X 


X 

X 

X 

X 


X 


X 


X 


X  X 


X  X 


X 

XXX 

XXX 


XXX 


X 


XXX 
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Spring  4 


Species 


Spring  1 


7/80  8/80  9/80  8/80  9/80 


Bacil lariophyceae  (continued) 

Eunotia  spp. 

E.  curvata  (Kutz.)  Largerst. 
v.  curvata 

Fraqilaria  spp. 

F_.  brevistrata  v.  inflata 
(Pant.)  Hust. 

£.  capucina  v.  mesolepta 
Rabh. 

F.  construens  (Ehr.)  Grun. 
construens 

F.  construens  v.  binodis 
(Ehr.)  Grunow 

£_.  crotonensis  Kitton 

F_.  pinnata  Ehr.  V.  pinnata 

£.  vaucheriae  (Kutz)  peters 

Gomphonema  spp. 

G.  acuminata  v.  pulsilla 
Grun. 


G.  intricatum  Kutz.  v. 
intricatum 


G.  parvulum  Kutzing 

G.  truncatum  v.  capi tatum 
(Ehr.)  Patr. 

Mastigloia  spp. 
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Table  8.  Continued 


Species 


_ Spring  4 _  Spring  1 

6/80  7/80  8/80  9/80  8/80  9/80 


Bacill ariophyceae  (continued) 

M.  smi thi i  Thwaites  ex. 

W.  Sm.  smi thi i  X 

Melesi ra  spp. 

M.  ambigua  (Grun.)  D.  Muller  X 

M.  varians  C.  A.  Ag.  X 

Navicula  spp.  X 

N.  antigua  Cl  eve 

N.  cryptocephal a  Kutzing 

N.  cuspidata  Kutzing 

N.  halophila  (Grun.)  Cl. 

v.  halophila  X 

N.  halophila  v.  teniuro 
Hustedt 

N.  ilopangoensis  Hustedt 
v.  ilopangoensis 

N.  menisculus  Schumann  X 

N.  mutica  Kutz.  mutica  X 

N.  peregrina  (Ehr.)  Kutzina 
v.  peregrina 

N.  pupula  v.  rectanqularis 

(Greg. )  Grun.  X 

N.  radiosa  Kutzing  v. 
radiosa 

N.  secreta  v.  apicul ata 
Patrick 


X  XXX 

X 

X 

X 

X  X 

X 

X 

X 

X 

X  X 

X 

X 

X  X 

X 


736 
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Table  8.  Continued 


Spring 

4 

Spring 

1 

Species 

6/80 

7/80  8/80 

9/80 

8/80  9/80 

:i 1 lariophyceae  (con'inued) 

Neidium  spp. 

X 

N.  iridis  v.  amphiqomphus 
(Ehr.)  A.  Mayer 

X 

X 

Nitzschia  spp. 

X 

X 

N.  acicularis  W.  Smith 

X 

X 

N.  amphibia  Grunow 

X 

N.  frustulum  (Kutz.)  Grunow 

X 

X 

X 

X 

X 

X 

N.  linearis  W.  Smith 

X 

X 

N.  paleacea  Grunow 

X 

X 

X 

X 

X 

N.  siqmoidea  (Ehr.)  W.  Sm. 

X 

X 

N.  trublionella  Hantzschia 

X 

X 

Pinnularia  spp. 

X 

X 

X 

P.  major  (Kutz. )  Cleve 

X 

P.  viridis  (Nitz.)  Ehr.  v. 
viridis 

X 

Rhoicosphenia  spp. 

R.  curvata  (Kutz.)  Grunow 

X 

Rhopalodia  spp. 

R.  qibba  (Ehr.)  0.  Muller 

X 

X 

X 

X 

X 

X 

R.  qibberula  (Ehr.)  0. 

Mul ler 

X 

R.  musculus  (Kutz.)  0. 
v.  musculus 

X 

X 

X 

X 

737 
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Table  8.  Continued 


Spring  4 


Species 


_  Spring  1 

6/80  7/80  8/80  9/80  8/80  9/80 


Baci 1 lariophyceae  (continued) 

Stauroneis  spp. 

S.  phoenicentron  v.  gracil is 
(Ehr . )  Must. 

Synedra  spp. 

.  radians  ( Kutz . )  radians 

S^  ulna  (Nitz. )  Ehr. 

S_.  ulna  v.  spathul i fera 
(Grun.)  V.H. 


X 

X 


Chrysomonad  cysts 
Cyanophyta 


Nostoc 


X 
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preferred  waters  of  low  to  moderate  salt  concentrations  though  often 
tolerant  of  higher  concentrations. 

Zoopl ankton 

No  zooplankton  were  collected  during  any  month  in  the  open  water 
with  either  a  Van  Dorn  bottle  or  plankton  net.  However,  Simocephal us 
vetul us ,  A1 ona  sp.  ,  Chydorus  sp. ,  and  Cycl ops  vernal i s  were  found  in 
qualitative  samples  of  bottom  debris  and  vegetation. 

Macroi nvertebrates 

Over  forty  invertebrate  taxa  were  collected  from  the  Leland  Harris 
area  in  quantitative  and  qualitative  samples.  Chironomidae  (Diptera) 
and  gastropods  were  typically  the  most  abundant  groups  of  invertebrates 
with  amphipods  being  occasionally  dominant  {Figure  10). 

Samples  taken  in  the  actual  springheads  indicated  that  Spring  4 
sustained  a  higher  density  of  macroi nvertebrates  than  Spring  1.  However, 
samples  taken  in  channels  below  springs  showed  high  densities  in  both 
areas  (Tables  10  and  11).  Highest  recorded  densities  occurred  in  the 
outflow  of  Spring  1  in  September.  Lowest  recorded  densities  occurred 
in  the  bottom  of  Spring  1  during  August. 

Species  diversity  values  calculated  from  macroinvertebrate  data  on 
Springs  1  and  4  ranged  from  0  to  3.72  (Table  12).  Lowest  values  (0- 
2.01)  were  recorded  from  the  bottom  of  Spring  1  and  highest  values 
(3.70-3.72)  from  Chara  beds  in  Spring  4.  Higher  diversity  values  were 
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Density  of  macroinvertebrate  taxa  in  Spring  1,  June  -  September  1980. 


Table  10.  Continued 
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Table  10.  Continued 
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Table  11.  Continued 


Habitat  Types  ~s  Habitat  T 


Bottom 


S 


w 


Channel 

Marsh  below  Spring  1 


mg  4  (avg. ) 

Chara 

Wetland  Meadow 
Fi 1 .  Green  A1 gae 


Channel 


recorded  for  Spring  4  than  Spring  1  during  each  month  sampled.  Diver¬ 
sity  values  for  the  channel  below  Spring  4  and  the  channel  and  marsh 
below  Spring  1  were  generally  similar. 

Ecological  relationships  for  the  common  macroinvertebrates  col¬ 
lected  are  summarized  in  Table  13.  Most  species  were  typical  of  lentic- 
littoral  nabitats,  often  in  association  with  vascular  hydrophytes.  All 
major  functional  trophic  groups  were  represented  with  collectors, 
gatherers,  and  scrapers  being  the  most  numerically  abundant  in  the 
invertebrate  samples.  Most  of  the  species  collected  had  widespread 
or  western  distributions  in  the  U.S. 

Fish 

Least  chubs  and  Utah  chubs  were  the  only  fish  collected  at  Leland 
Harris.  Both  species  were  found  at  locations  throughout  the  spring- 
marsh  complex  from  June  to  September. 

Seining  was  the  primary  collection  technique  employed  in  June; 
however,  in  the  remaining  sample  periods  ( July-September )  a  combination 
of  seining,  netting,  and  trapping  techniques  were  employed  with  a  re¬ 
sulting  increase  in  sampling  effectiveness. 

Population  Structure 

Length  frequency  histograms  compiled  from  all  sample  sites  each 
month  for  least  chubs  (Figure  11)  show  two  distinct  year  classes  each 
month  and  the  possible  remnants  of  a  third.  Recruitment  fish  ranged 
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Aeolosomatidae 


in  size  from  11  to  30  mm,  total  length.  Average  size  was  similar  in 
June  and  July  but  increased  slightly  in  August  and  September  (Table  14). 
Adult  fish  varied  from  31  to  57  mm  in  size.  Average  size  of  the  adult 
fish  also  showed  only  slight  increases  in  August  and  September. 

Table  14.  Average  size  (mm)  of  adult  and  recruitment  least 
and  Utah  chubs  during  June,  July,  August,  and 
September  1980. 


Recruitment 

Adult 

Least  Chub 

Utah  Chub 

Least  Chub 

June 

23.03 

26.03 

38.39 

July 

22.53 

30.50 

38.05 

August 

25.36 

36.16 

38.48 

September 

26.18 

41.75 

39.24 

Length-frequency  histograms  for  Utah  chubs  (Figure  12)  show  the 
first  two  year  classes  in  August  and  September  when  sample  sizes  were 
large;  only  young-of-the-year  are  obvious  in  June  and  July  as  a  result 
of  the  smaller  sample  size  on  which  they  are  based.  Average  size  of 
recruitment  fish  increased  from  26.03  in  June  to  41.75  in  September. 

An  undetermined  number  of  older  age  classes  were  also  present. 


Distribution  and  Abundance 


Absolute  population  estimates  were  impossible  to  make  in  many 
springs  due  to  the  nature  of  the  area  being  sampled.  Springs  8  and  6,  for 
example,  contained  ledges  and  small,  deep  holes  into  which  fish  retreated 
at  any  disturbance;  Spring  5  was  so  small  that  it  was  impossible  to  seine. 
Catches  for  Spring  4  and  the  southwest  arm  of  Spring  1  (Table  15)  came 
close  to  approximating  total  populations  because  it  was  possible  to  visual¬ 
ly  observe  all  the  fish  in  these  areas  and  estimate  the  effectiveness  of 
sampling.  Attempts  to  estimate  populations  by  mark  and  recapture  methods 
were  successful  only  on  the  southwest  arm  of  Spring  1  due  to  low  numbers 
of  recaptures.  Qualitative  estimates  of  fish  abundance  (Figure  13)  for 
other  sites  were  based  on  visual  observations,  seining  and  trapping. 
Young-of-the-year  were  not  differentiated  into  Utah  chub  or  least  chub 
in  Figure  13  unless  seining  or  trapping  permitted  an  identification  to 
species.  Question  marks  for  adult  fish  indicated  only  a  probable  identi¬ 
fication  of  the  adult  based  on  visual  observations  without  subsequent  col¬ 
lection. 


Table  15.  Total  catches  of  least  and  Utah  chubs  at  selected  sites,  and 

qualitative  estimates  of  sampling  efficiency,  June  -  September 
1980. 


Sprinq 

4 

SW  Arm  Sprinq  1 

Total 
numbers 
(LC/UT  C) 

Estimated 
sampl ing 
efficiency 

Total 
numbers 
(LC/UT  C) 

Estimated 

sampling 

efficiency 

6/80 

151/37 

50-75* 

31/2 

50% 

7/80 

512/23 

75-90“* 

1068/12 

75% 

S/80 

240/24 

75-90% 

905/34 

75% 

9/80 

100/6 

75-90% 

392/6 

50% 

74 


Figure  13.  Qualitative  abundance  estimates  of  least  and  Utah  chubs 
at  19  sites  in  the  Leland  Harris  Springs  Complex. 
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Minnow  traps  were  emplaced  in  a  number  of  locations  throughout 
the  Leland  Harris  complex  for  the  purpose  of  monitoring  fish  usage 
of  particular  areas;  of  special  interest  was  utilization  of  spring¬ 


heads  in  relation  to  channel  and  marsh  areas  with  which  they  were 
associated.  Locations  monitored  included  Spring  4  and  vicinity  and 
the  Spring  5  -  Pond  2  system  in  Study  Area  1,  Spring  10  and  associated 
areas  located  below  Study  Area  1  and  Spring  1  and  associated  areas  in 
Study  Area  2. 

Spring  4 

Figure  14  denotes  the  location  of  traps  in  and  around  Spring  4 
for  J’’ly  and  August-September .  Table  16  summarizes  catch  and  water 
quality  data  for  July  and  Table  17  includes  the  same  information  for 
August  and  September.  Highest  catches  always  occurred  in  the  spring¬ 
head.  Pond  1,  below  the  spring  exhibited  a  0  catch  rate  and  dried  up 
in  August  before  partially  refilling  in  September.  Catch  rates  for 
the  marshy  area  above  Spring  4  were  low  in  July  and  August  but  increased 
slightly  in  September.  Conditions  in  the  open  marsh  area  (Tc)  as  opposed 
to  in  the  bullrushes  (a  and  b)  were  marginal  since  all  the  fish  caught 
in  Tc  in  September  apparently  died  as  a  result  of  oxygen  depletion 
during  the  night. 

Spring  5  -  Pond  2 

Four  traps  were  placed  in  the  Spring  5  -  Pond  2  system  during  July, 
August,  and  September  (Figure  15).  Trapping  (Table  18)  and  visual 
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Table  16.  Catch  per  unit  effort,  dissolved  oxygen,  and  temperature  at 
6  traps  around  Spring  4  between  2100,  July  14,  and  1030, 
July  15,  1980. 


Catch  per 
unit  effort 
( fish/hr) 


2115  0500 


Marsh  Trap  1  (LC/UT  C) 

Trap  2 
Spring  4  Trap  3 
Trap  4 
Pond  1  Trap  5 

Trap  6 


.2/0 

4.5 

1.1 

.3/.  6 

7.5 

1  .0 

31 .7/1.5 

4.0 

2.0 

9. 8/7.0 

9.8 

2.5 

0/0 

8.3 

0.8 

0/0 


9.5 


6.0 


26. 


9.5 


Table  17.  Catch  per  unit  effort  of  least  and  Utah  chubs  in  Spring  4 
and  vicinity,  August  and  September  1980. 


Time 

(in/out) 

Fish/hr. 
(LC/UT  C) 

Temp . 

(°c) 

August  1980 

Marsh 

Trap  A 

1935 

0945 

.3/0 

12.5 

Trap  B 

1935 

0945 

.2/.1 

14.0 

Trap  C 

Spring  4 

Trap  D 

1935 

0925 

6. 6/. 6 

Trap  E 

1935 

0935 

3. 2/.  4 

Trap  F 

1935 

0950 

2. 8/. 3 

13.5 

September  1980 


Marsh 

Trap  A 

1525 

0903 

.3/.  2 

Trap  B 

1525 

0905 

.7/. 3 

Trap  C 

1000 

1500 

.6/. 4 

Trap  C 

1525 

0900 

•  3/ .  1 

Spring  4 


Trap  D 


1000 


17.4/1  .2 
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Table  17.  Continued 


Time  Fish/hr.  Temp, 

(in/out)  (LC/UT  C)  (°C) 


September  1980  (continued) 

Trap  E 

Trap  F  1000  2.4/0  22.0 

1500 
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Table  18.  Catch  per  unit  effort  at  four  traps  in  Spring  5  and  Pond  2 
during  July,  August,  and  September  1980. 


Fish/hr. 
(LC/UT  C) 

Time 

Temp.  (°C) 

Date 

Spring  5 

Trap  1 

0/42.3 

1345-1645 

14.0 

7/15/80 

Trap  1 

0/  .8 

1945-1000 

15.0-14.5 

8/19-8/20/80 

Trap  1 

0/1.03 

1520-1815 

15.0 

9/16/80 

Trap  1 

0/.1 

1825-0915 

15.0-15.0 

9/16-9/17/80 

Trap  2 

4.0/25.3 

1345-1645 

16.0 

7/15/80 

Trap  2 

0/36 

1945-1000 

14.5-15.0 

8/19-8/20/80 

Trap  2 

0/ .  3 

1520-1820 

15.5 

9/16/80 

Trap  2 

.1/1 .89 

1825-0920 

15.5 

9/16-9/17/80 

Pond  2 

Trap  3 

0/0 

1345-1645 

27.0 

7/15/80 

Trap  3 

0/0 

1950-1010 

19.0 

8/19-8/20/80 

Trap  3 

0/ .  3 

1520-1820 

27.0 

9/16/80 

Trap  3 

0/0 

1825-0934 

27.0 

9/16-9/17/80 

Trap  4 

0/0 

1345-1645 

30.0 

7/15/80 

Trap  4 

0/0 

1945-1010 

19.0 

8/19-8/20/80 

Trap  4 

0/0 

1520-1820 

28.0 

9/16/80 

Trap  4 

0/.1 

1820-0938 

28.0 

9/16-9/17/80 

observations  showed  Utah  chubs  primarily  used  the  springhead  during 

July  and  August  with  zero  catch  rates  recorded  for  the  pond  areas  ( 

during  those  months.  September  traps  showed  somewhat  decreased  utili¬ 
zation  of  the  springhead  and  an  increase  in  the  pond,  though  catch 
rates  were  still  low.  In  contrast,  visual  observations  of  these  areas 
in  June  indicated  no  fish  in  the  springhead  and  numerous  young-of-the- 
year  and  adult  fish  in  Pond  2. 

Sprinq  10 

I 

Spring  10  was  located  immediately  below  Study  Area  1  (Figure  2). 

During  the  September  sample  period,  traps  were  emplaced  in  the  spring¬ 
head  (T1  and  T2),  channel  (T3),  and  marsh  (T4)  (Figure  16).  Highest 

« 

catch  rates  were  recorded  for  the  springhead;  however;  channel  and  marsh 
areas  also  exhibited  relatively  high  catch  rates  for  fish  (Table  19). 

Least  chubs  primarily  occurred  in  the  channel  and  marsh  while  Utah  chubs 

dominated  the  springhead.  * 

Sprinq  1 

Spring  1,  its  channel,  and  associated  marsh  were  the  most  inten¬ 
sively  trapped  areas  in  this  study.  A  total  of  eight  traps  were  placed  * 

in  two  habitat  types  in  the  springhead  itself  and  in  proximal  portions 
of  the  outlet  channel  in  August  (Figure  17).  Table  20  summarizes  the 

catch  per  unit  effort  of  eacn  trap.  Adult  Utah  chubs  (50  mm+)  were  found  • 

only  in  the  spring's  deep  water  and  shelves.  Adult  least  chubs  were 
distributed  through  all  the  habitat  types  but  also  sustained  highest 

densities  (10-13  fish/hr.)  in  the  spring's  deep  water  and  shelf  areas.  • 
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Table  19.  Catch  per  unit  effort  of  least  and  Utah  chubs  at  four 
locations  around  Spring  10,  September  16-17,  1980. 


•  __ 


Day 

T  ime 

Y-0-Y 
fish/hr. 
(LC/UT  C) 

Adul  t 
fish/hr. 
(LC/UT  C) 

Total 

sample 

size 

(LC/UT  C) 

Temp. 

(°C) 

*< 

Trap  1 

9/16 

1540 

1850 

0/2.2 

0/0 

0/7 

15.0 

• 

• 

li 

9/16-17 

1920 

1150 

0/1.7 

•  1/  .2 

1/32 

."j 

• 

• 

Trap  2 

9/16 

1540 

1855 

.3/11.1 

0/0 

1/36 

15.0 

■ 

ll 

9/16-17 

1920 

1207 

.2/2.5 

0/ .  5 

4/50 

• 

• 

Trap  3 

9/16 

1540 

1905 

7.0/1 .7 

0/0 

35/6 

15.0 

M 

9/16-17 

1910 

1220 

1 .1/.8 

.7/0 

30/14 

• 

• 

Trap  4 

9/16 

1545 

1915 

4.0/0 

0/0 

14/0 

16.3 

II 

9/16-17 

1915 

1252 

.5/.1 

0/0 

8/1 

20.0 

• 

• 

in  channel  below,  August  20-21,  1980. 
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Young-of-the-year  least  chubs  exhibited  low  densities  (<1  fish/hr.)  in 
the  deep,  open  waters  of  the  springhead,  moderate  numbers  in  the  shelf 
areas  (3-5  fish/hr.)  and  highest  densities  in  the  channel  (32  fish/hr.). 

Additional  traps  were  emplaced  from  the  SW  arm  of  Spring  1  to 
the  marsh  below  it  (Figure  18)  in  July,  August,  and  September.  Three 
traps  (Tl,  T2A,  T2B)  were  emplaced  in  portions  of  the  main  spring. 

Four  traps  (T3,  T4,  T5,  T6)  were  situated  in  the  outflow  channel  of 
Spring  1  between  the  spring  and  marsh.  Trap  7  was  located  in  open 
water  of  the  upper  marsh,  trap  8  in  a  deeper  (1. 5-2.0)  hole  in  the 
marsh.  Traps  9A  and  SB  were  in  open,  shallow  water  while  10A  and  10B 
were  placed  among  bullrushes  in  the  marsh.  Not  every  trap  location 
was  utilized  each  time  a  trap  series  was  run.  Catch  per  unit  effort 
data  for  these  locations  for  each  month  is  presented  in  Tables  21,  22, 
and  23.  Water  quality  information  for  some  trap  sites  is  presented  in 
Tables  24  and  25.  Catch  rate  patterns  were  generally  similar  to  the 
other  springs  with  highest  catches  of  adult  fish  generally  occurring 
in  the  springheads  and  lowest  in  the  marshes.  Least  chub  young-of-the- 
year  tended  to  be  more  common  in  the  channel  and  marsh  below  Spring  1 
than  in  the  springhead  (Table  26). 

Activity  Patterns 

The  trapping  scheme  employed  was  not  specifically  designed  to 
reveal  diurnal  activity  patterns  of  fish.  However,  trapping  in  the 
Spring  1  system  was  generally  patterned  on  a  day-night  basis. 
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Figure  18.  Location  of  traps  around  Spring  1,  July  - 
September  1930. 
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Table  21.  Catch  per  unit  effort  for  least  and  Utan  chubs  and  total 

numbers  sampled  in  Spring  1  and  associated  areas,  July  16-18, 
1980. 


Day 

Time 

(in/out) 

Y-0-Y 
fish/hr. 
(LC/UT  C) 

Adult 
fish/hr. 
(LC/UT  C) 

Total 

sample 

size 

(LC/UT  C) 

Trap 

1 

7/16 

1620 

0930 

.4/. 3 

14. 5/. 4 

252/7 

Trap 

2A 

7/16 

1615 

1205 

0/0 

12. 5/. 4 

247/8 

T  rap 

4 

7/17 

1235 

1550 

17. 5/.  6 

5.2/0 

74/2 

1! 

7/17 

1550 

2015 

6.9/0 

.9/0 

35/0 

It 

7/17-7/18 

2015 

0810 

1.9/0 

1  .8/0 

44/0 

Trap 

5 

7/17 

1238 

1605 

32. 29/. 6 

13.7/0 

151/2 

li 

7/17 

1605 

2020 

4.2/0 

.5/0 

20/0 

(i 

7/17-7/18 

2020 

0825 

1  .4/0 

.6/0 

24/0 

Trao 

6 

7/17 

1240 

1620 

13.1/0 

0/0 

49/0 

M 

7/17 

1620 

2025 

4.8/0 

0/0 

19/0 

II 

7/17-7/18 

2025 

0835 

.1/0 

•  7/ .  1 

9/1 

Trap 

8 

7/17 

1245 

1630 

.8/. 3 

22.1/0 

86/1 

7/17 

1  63C 

2030 

1 .3/2.5 

34.0/0 

141/10 

7/17-7/18 

2030 

0840 

2.1/0 

4. 8/. 6 

85/7 

V  "  '  1  1  V 
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Table  21 .  Continued 


Oay 

Time 
( in/out) 

Y-G-Y 
f  i  sh/hr . 
(LC/UT  C) 

Adul  t 
fish/hr . 
(LC/UT  C) 

Total 

sample 

size 

(LC/UT  C) 

Trap  9A 

7/17 

1245 

1640 

.3/0 

0/0 

1/0 

il 

7/17 

1640 

2040 

3.0/0 

.8/0 

15/0 

II 

7/17-7/18 

2040 

0855 

.1/0 

0/0 

1/0 

Trap  10A 

7/17 

1245 

1642 

1.5/0 

.8/0 

9/0 

II 

7/17 

1642 

2050 

7.3/0 

1.5/0 

35/0 

II 

7/17-7/18 

2050 

0858 

10.9/0 

•  4/ .  1 

136/2 

^1 


#, 


•  • 


7ft 5 


•  •. 


92 


Table  22.  Continued 


Day 

Time 
( i n/out) 

Y-O-Y 
fish/hr. 
(LC/UT  C) 

Adul  t 
fish/hr. 
(LC/UT  C) 

Total 

sample 

size 

(LC/UT  C) 

•  . 

i 

Trap  7 

8/21 

1410 

2030 

9.4/0 

.2/0 

60/0 

" 

8/21-22 

2030 

004  5 

2.1/0 

0/0 

9/0 

• 

< 

ii 

8/22 

0045 

0716 

1.1/0 

.2/0 

8/0 

Trap  8 

8/21 

1410 

2036 

11 . 3/ . 5 

1  .2/0 

53/2 

• 

i 

n 

3/21-22 

2036 

0048 

0/0 

.2/0 

1/0 

ii 

8/22 

0048 

0718 

1  .1/0 

.8/0 

12/0 

• 

1 

Trap  9  A 

8/21 

1410 

2037 

29.2/0 

7.1/0 

154/0 

u 

8/21-22 

2037 

0049 

4.0/0 

.2/0 

18/0 

• 

I 

it 

8/22 

0049 

0719 

3.1/0 

0/0 

20/0 

Trap  1 OA 

8/21 

1410 

2038 

61  .4/. 5 

5.6/0 

285/2 

• 

4 

" 

8/21-22 

2038 

0050 

2.4/0 

0/0 

10/0 

M 

8/22 

0050 

0720 

.8/0 

.2/  .2 

6/1 

• 

4 

•  4 


•  4 


9: 


C 
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Tab!  i 

0  23 . 

Catcn  per 
ana 

uni*  _,',ort 
•  ated  areas , 

for  least  and 
September  17- 

Utah  chubs  in 
19,  1980. 

Spring  1 

Day 

Time 

(in/out) 

Y-O-Y 
fish/hr . 
(LC/UT  C) 

Adul  t 
f  i  s  h  /  h  r . 
(LC/UT  C) 

Total 
sample 
size 
(LC/UT  C 

Trap 

i 

9/17-18 

1635 

1029 

0/  .4 

12. 9/.  2 

232/11 

it 

9/18 

1106 

1630 

.4/0 

71.3/1.1 

394/6 

li 

9/18 

1650 

1918 

4. 4/.  4 

65.2/0 

174/1 

ii 

9/18-19 

1951 

0720 

0/.1 

1  .3/0 

15/1 

Trap 

2A 

9/17-18 

1635 

0945 

0/0 

0/2.4 

0/42 

li 

9/18 

1110 

1605 

0/0 

10.2/  .4 

51/2 

Ii 

9/18 

1650 

1912 

0/0 

.4/. 4 

1/2 

" 

9/18-19 

1950 

0715 

0/0 

0/ .  2 

0/2 

Trap 

25 

9/17-18 

1635 

1022 

.2/0 

0/  .  3 

4/6 

II 

9/18 

1110 

1615 

29.0/0 

1 .0/1.6 

1  50/8 

li 

9/18 

1650 

1913 

.4/1.3 

39.1/. 9 

89/5 

ii 

9/18-19 

1950 

0715 

0/0 

0/1.5 

0/17 

Trap 

c, 

9/17-18 

- 

li 

9/18 

1150 

3.3/0 

16.4/  .8 

101/4 

.655 


78b 
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Total 

V-O-Y 

Adult 

sample 

Time 

fish/hr . 

fish/hr. 

size 

9 

W 

1  Oay 

( i n/out) 

(LC/UT  C) 

(LC/UT  C) 

(LC/UT  C) 

9/ IS- 19 

Trap 

5 

9/17-16 

ti 

9/18 

" 

9/18 

it 

9/18-19 

Trap 

9A 

9  /  17-18 

ii 

3/ 13 

n 

9/18 

Ii 

9/18-19 

Trap 

9B 

9/17-18 

942 

725 
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Table  23. 

Conti nued 

Day 

Time 

(in/out) 

Y-O-Y 
fish/hr. 
(LC/UT  C) 

Adul  t 
fish/hr. 
(LC/UT  C) 

Total 
sample 
size 
(LC/UT  ) 

Trap  10A 

9/17-18 

1650 

1220 

.5/0 

.6/0 

20/0 

ti 

9/18 

1230 

1720 

3.4/0 

.4/0 

18/0 

II 

9/18 

1720 

1940 

.4/0 

.4/0 

2/0 

II 

9/18-19 

1942 

0725 

.2/ .  1 

.8/0 

11/1 

Trap  103 

9/17-18 

- 

II 

9/18 

1230 

1720 

1  .5/0 

.4/0 

9/0 

n 

9/18 

1720 

1940 

.9/0 

.9/0 

4/0 

9/18-19 


1942 

0730 


•  3/ .  1 


.2/.  3 


6/4 
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Table  24.  Water  quality  at  eight  trap  locations  below  Spring  1, 
August  21  and  22,  1980. 


Day 

Time 

Temp . 
(°C) 

D.O. 

mg/1 

ph 

Cond . 
(umhos) 

Trap  3 

8/21 

1400 

18.0 

5.2 

7.6 

260 

1955 

16.0 

ii 

8/22 

0025 

12.5 

4.0 

7.6 

ii 

8/22 

0703 

11.5 

3.7 

7.5 

Trap  4 

8/21 

1400 

18.5 

3.4 

7.5 

380 

2005 

15.0 

•• 

8/22 

0028 

12.0 

2.8 

7.5 

it 

8/22 

0705 

11.0 

3.5 

7.5 

Trap  5 

8/21 

1404 

20.0 

4.1 

7.6 

375 

2015 

14.0 

Ii 

8/22 

0030 

12.0 

4.7 

7.6 

II 

8/22 

0707 

11.5 

4.0 

7.4 

Trap  6 

8/21 

1405 

21  .5 

4.8 

7.7 

385 

2036 

14.0 

ll 

8/22 

0040 

12.0 

5.2 

7.6 

ii 

8/22 

0711 

11.2 

4.2 

7.5 

Trap  7 

8/21 

1410 

29.5 

5.7 

7.6 

415 

2030 

16.0 

Ii 

8/22 

0045 

11.5 

4.8 

7.6 

" 

8/22 

0716 

10.0 

5.2 

7.6 

7H9 
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Table  24.  Continued 


Day 

Time 

Temp. 

i°C) 

D.O. 

mg/1 

pH 

■iS 

Trap  8 

8/21 

1410 

2036 

24.5 

22.0 

4.0 

7.6 

600 

II 

8/22 

0048 

16.0 

1.7 

7.4 

li 

8/22 

0718 

n  .o 

2.2 

7.3 

Trap  9A 

8/21 

1410 

2037 

30.0 

21  .0 

8.4 

8.2 

490 

II 

8/22 

0049 

13.5 

2.8 

7.5 

li 

8/22 

0719 

10.5 

1  .7 

7.3 

Trap  1 OA 

8/21 

1410 

2038 

26.0 

21 .5 

8.8 

8.2 

485 

li 

8/22 

0050 

13.0 

3.0 

7.5 

8/22 


0720 


10.0 


4.9 


7.4 
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Table  25. 

Water  quality  at  nine  trap 
vicinity,  September  17-19, 

locations  in 
1980. 

Spring  1 

and 

Temp. 

D.O. 

Cond . 

Day 

T  ime 

(°c) 

(mg/1 ) 

pH 

(umhos) 

Trap  1 

5/17 

1635 

14.0 

3.2 

7.5 

380 

9/18 

1630 

14.0 

9/18 

1918 

14.5 

9/19 

0720 

13.0 

Trap  2A 

9/17 

1635 

16.0 

4.1 

7.7 

400 

9/18 

1605 

16.0 

9/18 

1912 

15.0 

9/19 

0715 

13.0 

Trap  2B 

9/17 

1635 

16.0 

4.1 

7.7 

400 

9/18 

1615 

16.0 

9/18 

1913 

15.0 

9/19 

0715 

13.0 

Trap  4 

9/18 

1655 

17.0 

9/18 

1925 

15.0 

9/19 

0720 

13.0 

Trap  5 

9/17 

1635 

17.0 

5.4 

7.7 

430 

9/18 

1700 

17.0 

9/18 

1930 

15.0 

9/19 

0721 

12.0 
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Table  26.  Average  catch/unit  effort  for  all  traps 
and  months  for  4  major  areas  around 
Spri ng  1 . 


Catch/unit 

effort 

Y-O-Y 

fish/hr. 

(LC/UT  C) 

Adul  t 
fish/hr. 
(LC/UT  C) 

Spri ng 
(Tl.  2A,  2B ) 

1.1/. 4 

13.0/. 8 

Channel 
(T3,  4,  5,  6) 

10. 8/. 1 

5.9/.1 

Marsh-Open  Water 
(T7 ,  8,  9A,  9B ) 

3.0/. 2 

3 . 8/  < .  1 

Marsh-Bul 1  rushes 
(T10A,  10B) 

9.7/.1 

1.1/. 1 

Insufficient  numbers  of  Utah  chubs  were  collected  to  form  a  good 
estimation  of  any  activity  pattern,  althougn  adult  Utah  chubs  were 
most  frequently  collected  at  night.  Total  catch  rates  of  least  chubs 
for  afternoon  and  nighttime  periods  is  summarized  in  Table  27.  Traps 
in  which  fish  were  captured  in  low  numbers  (<10)  during  all  time 
periods  were  omitted  to  eliminate  biasing  due  to  low  populations. 
Trapping  showed  least  cnubs  to  be  much  more  active  during  daylight 
periods  than  at  night.  Catch  rates  for  afternoon  periods  were  7  to  30 
times  higner  than  catch  rates  for  the  following  night.  Trapping  was 
not  intensive  enough  to  establish  minimum  or  maximum  activity  within 
the  dayl ignt-dark  periods. 

Nark  and  Recapture 

A  total  of  104  Utah  chubs  were  tagged  with  numbered  finger! ing 
tags  during  the  course  of  the  study  (Appendix  1 1 ) .  Several  were  re¬ 
captured,  but  never  enough  to  form  population  estimates  and  they  were 
always  recaptured  in  the  same  spring  in  which  they  were  tagged. 

Least  chub  were  fin  clipped  at  selected  areas  in  the  Spring  1 
system  during  September.  One  hundred  thirty-two  fish  were  clipped  and 
then  trapped  during  subsequent  time  periods.  In  the  southwest  arm  of 
Spring  1,  32  of  the  original  81  fish  clipped  were  recaptured,  per¬ 
mitting  an  estimation  of  the  total  population  in  that  area.  Using  the 
mark  and  recapture  formula,  an  estimate  of  1012  fish  with  a  standard 
error  of  13?  was  derived.  The  only  movement  of  fish  observed  was  one 
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Table  27.  Catch  rate  (fish/hr.)  of  least  chubs  for  selected  times  and 
sites  in  the  Spring  1  system,  July,  August,  and  September 
1 980 . 


Early  afternoon 

Late  afternoon 

Night 

(  1230-1600) 

(  1600-2030) 

(  2030-0830) 

July 

• 

• 

Trap  4 

22.7 

7.8 

3.7 

5 

46.0 

4.7 

2.0 

6 

13.1 

4  8 

0.8 

• 

• 

8 

22.9 

35.3 

6.9 

Mean 

26.2 

13.2 

3.4 

• 

• 

Mid-late 
afternoon 
(  1400-2000) 

Early  night 
(  2000-0025) 

Late  night 
(  0025-0700) 

• 

" 

• 

August 

Trap  3 

24.0 

0.4 

4.0 

4 

25.8 

6.2 

3.4 

• 

• 

5 

23.9 

7.5 

8.0 

6 

2.3 

5.8 

0.5 

7 

9.6 

2.1 

1  .3 

• 

• 

8 

12.5 

0.2 

1.9 

9A 

36.3 

4.2 

3.1 

10A 

67.0 

2.4 

1  .0 

• 

• 

Mean 

25.2 

3.6 

2.9 
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adult  least  chub  clipped  in  Spring  1  was  captured  at  Trap  5  in  the 
channel  below. 

Food  Habits 

A  total  of  45  Utah  chubs  and  30  least  chubs  were  analyzed  for 
stomach  contents  (Tables  28,  29,  and  30).  Only  one  large  Utah  chub 
(50  nim)  was  observed  with  any  significant  stomach  contents.  Smaller 
Utah  chubs  (11-50  mm)  contained  a  variety  of  food  items.  Zooplankton 
was  the  most  frequently  occurring  food  item  during  June  and  July  and 
often  comprised  over  90%  of  the  food  intake.  Four  least  chub  acciden¬ 
tally  killed  in  June  were  analyzed  for  stomach  contents.  These  fish 
were  also  found  to  be  feeding  primarily  on  zooplankton.  Stomach 
analyses  performed  on  least  and  Utah  chubs  collected  in  August  and 
September  showed  a  pronounced  shift  in  food  habits.  Both  least  and 
Utah  diets  were  found  to  be  composed  almost  entirely  of  detritus, 
filamentous  green  algae  and  diatoms. 

Reproducti on 

Only  one  instance  of  possible  spawning  behavior  for  least  chubs 
was  noted.  This  occurred  in  June  at  Spring  4.  The  difficulty  of  ob¬ 
serving  such  behavior  under  the  field  conditions  present  was  the  main 
reason  for  the  lack  of  sightings.  Numerous  least  chub  males  in 
breeding  colaration,  however,  were  observed  in  June  through  September. 
No  Utah  chubs  were  observed  spawning.  One  gravid  female,  however,  was 
collected  from  Spring  6  in  July. 
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Taole  28.  Average  *  volume  of  food  items  in  diet  of  Utah  chub  >50  nrr.. 


3  .  .  • 


+-> 


Fish 

Average 1 

wi  th 

Coll ecti on 

Sample 

stomach 

empty 

site  and  date 

Time  size 

ful 1  ness 

stomachs 

>■> 

Q. 

O 

S- 

o 


.c 

LJ 


•  • 


•  • 


Spring  8 
6/19/80 


Spring  1 
7/1 7/80 


Spring  1 
7/17/80 


Soring  10 
’  9/17/80 


2040  2 

1000  5 

1015  i 

1130  2 


0 

0 

0 

0.5 


2 


4 


1 


1  1.0  60.0  40.0 


•  • 


•  • 


Detri tus 


Table  29.  Average  %  volume  of  food  items  in  diet  of  Utah  chubs  <50  run. 
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Table  30.  Average  *  volume  of  food  items  In  diet 


Includes  fish  Kith  enpty  stouMchf. 


DISCUSSION 


Water  Quality 

The  Lei  and  Harris  Springs  complex  was  composed  of  a  number  of 
different  aquatic  habitat  types.  Springs  in  the  area  ranged  in  size 
from  .5  m  to  10  m  or  more  in  diameter.  Some  springs  occurred  as 
isolated  pools  with  no  surface  outlets  (e.g..  Springs  6,  7,  8)  while 
others  exhibited  measurable  flow  and  were  connected  with  the  marsh 
or  pond  areas  they  sustained  via  distinct  channels  (e.g..  Springs  1 
and  5).  Springs  exhibited  cool  stable  temperatures,  relatively  low 
conductivity  and  only  moderate  variation  in  dissolved  oxygen.  Marsh 
and  pool  areas  exhibited  wide  diurnal  fluctuations  in  dissolved  oxygen 
due  to  their  highly  productive  nature.  Extreme  daily  temperature 
fluctuations  (15-32°)  also  occurred  due  to  the  low  volume  to  surface 
area  ratio  of  these  shallow  areas.  Hubbs  et  al .  (1967)  and  Soltz  and 
Naiman  (1978)  noted  similar  conditions  for  other  desert  spring  and 
marsh  systems. 

Other  water  quality  parameters  measured  during  this  study  were 
relatively  uniform  and  showed  the  springs  to  be  moderately  basic  and 
alkaline  with  relatively  hard  water.  Chloride  and  sulphate  concentra¬ 
tions  were  only  moderate,  as  was  conductivity.  Water  quality  parameters 
generally  conformed  with  those  reported  by  Workman  et  al.  (1979)  and 
Crawford  (1979)  for  the  area. 
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Phy topi ankton-Peri phyton 

Phytoplankton  communities  in  Springs  1  and  4  were  not  markedly 
different.  Densities  and  species  diversity  values  were  roughly  com¬ 
parable  though  Spring  4  exhibited  a  much  larger  peak  density  in  August 
than  Spring  1.  Species  present  included  some  planktonic  forms  though 
most  could  be  characterized  as  benthic  or  tychoplanktonic  (inhabiting 
shallow  water  in  association  with  other  vegetation).  Species  assem¬ 
blages  in  the  periphyton  communities  were  also  relatively  similar  in 
Spring  4  and  the  shelf  of  Spring  1,  and  closely  resembled  the  phyto¬ 
plankton  in  terms  of  species  present.  It  is  probable  that  the  phyto¬ 
plankton  in  fact  was  composed  primarily  of  components  of  the  periphyton 
entrained  into  open  water  by  turbulence  or  other  factors.  The  primary 
difference  in  periphyton  communities  between  Spring  1  and  Spring  4  was 
the  lack  of  any  periphyton  development  in  Spring  1  except  on  the  narrow 
shelf  areas  of  the  spring  which  composed  less  than  25%  of  the  spring 
bottom. 


Macroinvertebrates  and  Zooplankton 

Benthic  macroinvertebrate  density  and  diversity  was  greater  in 
Spring  4  than  Spring  1,  a  result  of  the  greater  number  of  microniches 
and  higher  production  in  Spring  4  (Margalef  1968).  Overall  diversity 
levels  were  relatively  high,  particularly  in  Spring  4,  for  macroinverte¬ 
brate  connunities  in  this  study.  This,  however,  is  somewhat  misleading 
since  most  of  the  diversity  was  in  Chirononidae.  Chironomid  larvae  in 
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this  study  were  keyed  to  genus,  a  practice  which  is  not  yet  common 
(Coffman  1978).  Higher  diversity  values  resulted  from  the  subdivision 
of  this  taxa  which  is  often  treated  in  the  literature  only  at  the 
family  level . 

Zooplankton  samples  collected  with  a  Van  Dorn  bottle  from  open 
water  yielded  essentially  no  zooplankton.  Net  tows  made  for  compari¬ 
son  also  yielded  no  organisms.  However,  zooplankton  were  present  as 
evidenced  by  their  presence  in  fish  stomachs.  Crawford  (Personal  com¬ 
munication)  indicated  that  they  were  occasionally  abundant  in  the  marsh 
below  Spring  1.  It  is  probable  that  predation  by  the  large  numbers  of 
fish  in  the  springheads  has  eliminated  zooplankton  from  the  open  water 
areas.  In  addition,  most  of  the  forms  collected  were  types  typically 
inhabiting  littoral  habitats  rather  than  open  water,  planktonic  areas. 


Fish  Distribution  and  Abundance 

Populations  of  least  chubs  ( Iotichthys  phlegethontis)  and  Utah 
chubs  (Gila  atraria)  occurred  throughout  the  Leland  Harris  complex. 
Most  fish  were  widely  dispersed  throughout  the  pond  and  marsh  areas 
and  absent  from  springheads  in  June.  During  July,  greatly  increased 
numbers  of  fish  were  caught  due  primarily  to  the  fact  that  many  fish 
keyed  in  on  the  springheads  and  concentrated  in  them,  thus  making  them 
easier  to  catch  and  observe  instead  of  being  widely  dispersed  through¬ 
out  the  marshes  and  ponds.  Fish  remained  concentrated  in  the 
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springheads  during  August  and  September,  although  some  movement  away 
from  the  springs  was  noted  in  September. 

The  high  utilization  of  springheads  by  fish  in  July,  August,  and 
September  in  Study  Area  1  was  apparently  related  to  extreme  temperature 
and  oxygen  fluctuations  which  occurred  in  the  less  stable  marsh  and 
pond  areas.  Temperatures  in  the  shallow  open  waters  ranged  from  lows 
of  15°  C  to  highs  of  32°  C.  Concentrations  of  dissolved  oxygen  ap¬ 
proached  0  near  dawn,  with  supersaturation  occurring  during  the  day. 
Factors  limiting  fish  use  of  the  open  water  areas  were  apparently  high 
daytime  temperatures  and  low  dissolved  oxygen  concentrations  during  the 
night  and  predawn  period.  Springheads,  by  contrast,  maintained  rela¬ 
tively  stable  physical  environments  and  provided  a  refuge  from  the 
extremes  occurring  in  open  water  areas. 

Fish  usage  of  Spring  1  also  was  high  during  July,  August,  and 
September.  However,  least  chubs,  particularly  young-of-the-year ,  con¬ 
tinued  to  utilize  the  outflow  channel  extensively  and  marsh  areas  to  a 
lesser  extent.  Most  fish  in  marsh  areas  were  found  in  microhabitats 
such  as  among  emergent  vegetation  or  along  seeps  rather  than  in  open 
water.  Both  microhabitats  apparently  modified  extremes  of  the  open 
water  areas  enough  to  allow  survival  of  fish.  Crawford  (1979)  noted 
a  similar  migration  of  fish  from  the  marsh  below  Spring  1  to  the  spring 
head  although  a  few  fish  could  always  be  found  in  the  marsh.  She 
stated  that  the  spring  provided  relatively  constant  temperatures, 
water  levels,  and  chemical  conditions  but  had  no  cover,  inadequate 


food,  limited  space,  and  no  vegetation  to  spawn  on.  Although  the 
marsh  supplied  these  essentials,  it  exhibited  large  chemical  and 
physical  fluctuations  and  was  subject  to  desiccation. 

Least  chubs  exhibited  a  diurnal  activity  cycle  during  this  study. 
Activity  as  determined  by  catch  rates  in  traps  was  apparently  light 
initiated  and  dark  inhibited.  Oxygen  was  not  thought  to  be  an  im¬ 
portant  modifying  factor  in  reducing  night  activity  of  fish  since  it 
remained  relatively  constant  in  the  springheads.  Also,  least  chub 
activity  was  found  to  be  similarly  reduced  in  springheads  and  marsh 
areas  during  the  night  despite  wide  differences  in  the  amount  of  dis¬ 
solved  oxygen  fluctuation.  Deacon  and  Minckley  (1974)  reviewed  activity 
cycles  of  fish  and  stated  that  most  desert  fish,  particularly  those 
living  in  springs  are  visually  oriented  and  are  thus  diurnal.  Not 
enough  data  were  available  to  construct  an  activity  pattern  for  Utah 
chubs,  but  there  were  some  indications  that  at  least  larger  Utah  chubs 
might  be  light  inhibited;  further  research  is  necessary. 

Population  Structure  and  Reproduction 

Length-frequency  histograms  for  least  chubs  for  June,  July, 

August,  and  September  show  two  distinct  year  classes  and  a  possible 
third.  Those  fish  under  30  mm  total  length  represented  immatures 
spawned  that  season.  Those  between  30  and  50  mm  were  1  year  old  fish; 
a  few  fish  were  caught  which  measured  over  50  mm.  These  may  represent 
3  year  old  fish  which  is  the  maximum  age  that  least  chubs  are  reported 
to  attain  (Crawford  1979,  Workman  et  al .  1979). 
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Length-frequency  histograms  for  Utah  chubs  in  June  and  July 
presented  a  more  confusing  picture  primarily  due  to  sample  size. 

Numbers  of  fish  collected  and  measured  in  June  were  relatively  small 
and  the  length-frequency  histogram  constructed  from  it  was  inadequate 
to  make  a  good  estimate  of  population  structure;  only  the  young-of- 
the-year  show  clearly.  Larger  numbers  of  Utah  chubs  were  collected 
in  July  and,  though  the  length-frequency  histograms  generated  from 
them  was  still  inadequate  to  describe  the  complete  population  structure, 
it  shows  the  young-of-the-year  class  well.  Histograms  for  August  and 
September  show  the  young-of-the-year  class  as  well  as  one  year  fish 
and  an  undetermined  number  of  older  age  groups. 

The  slow  increase  in  average  size  of  recruitment  least  chubs 
compared  to  rapid  jumps  in  size  of  recruitment  Utah  chubs  can  be 
attributed  to  the  fact  the  least  chub  spawn  through  the  entire  surmier 
when  conditions  are  favorable  (Crawford  1979)  and  thus  the  average  size 
of  recruitment  fish  is  constantly  being  influenced  by  the  addition  of 
new  young  fish.  Utah  chubs,  however,  apparently  were  spawned  over  a 
more  limited  time  period  and  thus  average  size  of  the  recruitment  class 
increased  substantially  each  month. 

Because  least  chubs  spawn  inside  thick  mats  of  algae  and 
vegetation  (Crawford  1979),  no  least  chub  were  actually  observed 
spawning.  However,  males  which  exhibited  sexual  dimorphism  were 
commonly  collected  from  June  through  September  and  a  large  young- 
of-the-year  class  was  present.  Studies  by  Crawford  (1978,  1979) 
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indicated  that  peak  spawning  in  Leland  Harris  Springs  complex  in  1977 
occurred  in  early  May.  Intermittent  spawning,  however,  occurred  from 
April  through  August.  Crawford  (1979)  also  stated  that  least  chub 
have  reproductive  strategies  that  are  well  adapted  to  Leland  Harris. 
They  are  not  limited  by  appropriate  spawning  substrates  since  they 
primarily  require  vegetation.  The  utilization  of  live  vegetation  is 
an  advantage  for  eggs  and  larvae  since  it  provides  a  microenvironment 
rich  in  oxygen  and  food.  Also,  unlike  Utah  chubs,  least  chubs  mature 
in  one  season  and  the  reproductive  effort  is  such  that  small  numbers 
of  ova  are  produced  for  an  extended  time  period.  This  adaptation 
allows  for  larger,  stronger  larvae  produced  over  an  extended  time 
period.  Production  of  young  in  this  manner  reduces  chance  loss  of 
the  total  recruitment  class  due  to  unpredictable  environmental  fluctua 
tions. 

Less  information  is  available  on  Utah  chub  reproduction  at  Leland 
Harris.  Utah  chubs  apparently  spawned  over  a  shorter  period  than 
least  chubs  as  indicated  by  growth  of  the  recruitment  class.  It  is 
also  possible  that  Utah  chubs  may  reproduce  earlier  than  least  chubs 
though  this  is  uncertain.  Crawford  (Personal  communication)  stated 
that  she  found  no  evidence  of  Utah  chubs  spawning  in  the  same  areas 
as  least  chubs  (marsh  below  Spring  1).  She  speculated  that  Utah  chubs 
might  be  spawning  in  waters  with  better  water  quality. 
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Food  Habits 

Only  one  large  (50  mm+)  Utah  chub  contained  any  significant 
amount  of  food.  The  low  incidence  of  large  Utah  chubs  feeding  is  a 
probable  reflection  of  low  sample  size  and  the  fact  that  large  Utah 
chubs  occurred  in  springheads  where  food  was  often  limited. 

Diet  of  smaller  Utah  chubs  (<50  mm)  and  least  chubs  was  almost 
identical  for  each  month  studied.  Fish  collected  in  June  and  July 
fed  almost  exclusively  on  zooplankton  though  limited  amounts  of  algae 
were  also  consumed.  However,  in  August  and  September,  least  and  Utah 
chub  diets  consisted  of  only  small  amounts  of  zooplankton  and  insects. 
Primary  food  items  were  long  strands  of  filamentous  green  algae, 
diatoms,  and  detritus.  Workman  et  al .  (1979)  reported  a  similar  shift 
in  diet  for  Utah  chubs  in  38  desert  springs  from  spring  to  summer.  In 
addition,  he  collected  48  least  chubs  from  the  Leland  Harris  complex 
between  July  and  January  in  which  he  found  zooplankton,  chironomids, 
and  diatoms  to  be  important  dietary  components.  Leser  and  Deacon 
(1968)  also  reported  shifts  in  diet  during  the  summer  for  Nevada  pup- 
fish.  Algae  and  crustaceans  dominated  during  the  spring,  algae  in  the 
summer,  and  gastropod  molluscs  in  the  fall.  Organic  and  inorganic 
debris  (detritus)  were  present  throughout  the  year  but  significantly 
so  in  the  summer.  Deacon  and  Minckley  (1974)  summarized  findings  of 
other  authors  and  stated  the  relatively  heavy  use  of  indigestable  algae 
in  at  least  Cypri nodon  nevadensi s  nevadensi s  may  be  the  result  of  a 
scarcity  of  other  foods  or  other  factors  that  place  the  fish  under 
nutritional  stress. 
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Stomach  analyses  performed  on  least  chubs  collected  at  the  same 
time  from  the  southwest  arm  of  Spring  1  and  the  marsh  below  showed 
that  fish  in  the  springhead  with  an  average  stomach  fullness  of  .1 
had  essentially  not  been  feeding.  Least  chubs  collected  in  the  marsh 
exhibited  an  average  stomach  fullness  of  1.0.  Diet  was  approximately 
50%  filamentous  green  algae  and  50%  detritus. 

Least  and  Utah  chubs  in  the  Leland  Harris  complex  were  basically 
opportunistic  feeders.  Diets  of  the  fish  were  probably  related  to 
seasonal  changes  in  the  abundance  or  availability  of  food  items. 

Lack  of  feeding  by  some  fish  in  relatively  sterile  springheads  without 
periphyton  development  can  best  be  attributed  to  simply  the  lack  of 
food  in  these  areas.  Crawford  (1979)  similarly  stated  that  Spring  1 
provided  refuge  for  fish  during  certain  periods  but  was  devoid  of 
food. 

Diets  of  least  and  Utah  chubs  in  this  study  evidenced  a  great  deal 
of  overlap.  Hynes  (1970)  indicated  that  when  species  of  fish  exhibit 
very  similar  diets,  they  are  often  not  directly  competing  since  that 
food  resource  is  generally  present  in  non-limiting  amounts. 
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RECOMMENDATIONS 

Management 

1.  Fencing  of  the  area  around  Spring  1  is  strongly  recommended . 
Spring  1  contains  one  of  the  largest  known  populations  of 
least  chubs  in  the  complex  during  the  summer.  Bank  damage 
resulting  from  livestock  is  extensive  and  should  be  con¬ 
trolled. 

2.  Introduction  of  any  exotic  species  such  as  largemouth  bass 
should  be  discouraged  as  much  as  is  possible.  The  relative 
isolation  of  the  area  should  be  an  advantage  in  this  respect. 

3.  Any  active  withdrawal  of  water  or  lowering  of  water  levels 
in  the  complex  should  be  discouraged  until  specific  studies 
are  made  to  ascertain  the  impact  of  such  withdrawals. 

Research 

1.  Continuation  of  baseline  data  gathering  on  a  seasonal  basis 
until  a  minimum  of  one  year  of  data  is  obtained. 

2.  Based  on  information  gathered  in  baseline  studies,  field 
studies  should  be  designed  which  specifically  test  hypotheses 
concerning  activity  patterns  and  competition  between  least 
chubs  and  Utah  chubs  and  which  test  the  factors  controlling 
their  distribution  within  the  Leland  Harris  complex.  Design 
of  studies  to  examine  critical  areas  in  such  a  fashion  will 
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allow  the  use  of  statistics  as  a  quantitative  tool  rather 
than  as  a  descriptive  one,  a  case  in  which  test  statistics 
are  usually  inappropriate. 

3.  Further  searches  for  other  areas  containing  least  chubs 
is  encouraged.  We  consider  the  report  by  Workman  et  al . 

(1979)  to  be  insufficient  in  this  respect. 
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LIST  OF  TAGGED  FISH 
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List  of  Tagged  Fish  (Continued) 


Species 


Length 


Col  lection 
site 


Tag  No. 


July  (continued) 

Utah  Chub 

100 

Spring  8 

ii 

105 

li 

August 

Utah  Chub 

100 

Spring  1 

ll 

106 

ll 

II 

104 

li 

II 

112 

II 

II 

105 

ll 

II 

112 

ll 

11 

90 

li 

II 

no 

it 

II 

97 

it 

II 

109 

II 

II 

94 

ll 

II 

89 

ll 

II 

131 

Spring  2 

II 

78 

Spring  5-B 

List  of  Tagged  Fish  (Continued) 


List  of  Tagged  Fish  (Continued) 
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Species 

Length 

site 

Tag  No. 

PARTIAL  VERTEBRATE  SPECIES  LIST  FOR  LELAND  HARRIS  SPRINGS  COMPLEX 


Common  Name  Scientific  Name 

Reptiles 

c1  Northern  Black  Racer  Col uber  constri ctor  constrictor 

c  Wandering  Garter  Snake  Thamnophis  elegans  vagrans 

o  Great  Basin  Gopher  Snake  Pituophis  melanoleucus  deserticola 

I  ~~~ .  . 

1  Amohibians 


c 


Northern  Leopard  Frog 


Rana  pipien 


APPENDIX  C 


INDIRECT  EFFECTS  INDEX  FOR  IMPACT  ANALYSIS 


Many  impacts  of  development  projects  are  caused  not  by  the  construction  or 
operation  or  the  project  itself  but  by  the  long-  or  short-  term  population  increases 
associated  with  the  project.  These  indirect  impacts  would  include  increased 
pressure  on  hunting,  fishing  and  other  recreational  resources,  and  cannot  be  easily 
predicted.  A  model  to  estimate  these  indirect  impacts  has  been  developed  to  assess 
effects  of  population  growth  on  recreation  and  use  of  natural  landscape. 

Dyer  and  Whaley  (1968)  developed  a  model  for  predicting  use  of  recreation 
sites.  They  attempted  to  account  for  distance  from  origin  to  recreation  site, 
competing  facilities,  degree  of  urbanization  of  origin,  age,  occupation  and  income  of 
the  people.  Regression  models  using  parts  of  their  general  model  were  able  to 
account  for  up  to  74  percent  of  the  variance  about  predictions  of  stream  use,  and  57 
percent  of  the  variance  about  prediction  of  campground  use. 

However,  a  regression  model  is  inadequate  for  prediction  of  future  use  if  no 
history  of  use  is  available.  It  is  possible  to  develop  a  theoretical  model  that  will  be 
sensitive  to  population  levels  and  distribution  of  impacts  about  population  centers. 
Impacts  around  population  centers  are  expected  to  decrease  with  distance  and  two 
general  distributions  are  most  frequently  used:  gravity  models  and  normal 
distributions.  Gravity  models  are  based  on  the  assumption  that  influence  of  a 
population  center  falls  off  as  the  inverse  square  of  distance  (Reilly  1929,  Huff  1963). 
These  models  can  be  modified  to  incorporate  intervening  opportunities.  This 
analysis  is  founded  on  the  assumption  that  recreation  impacts  about  a  population 
center  would  be  normally  distributed  with  distance,  rather  than  an  inverse  square 
relation. 

The  model  developed  and  a  preliminary  validation  of  it  are  discussed  below. 
The  model  is  applied  to  analysis  of  potential  indirect  impacts  of  operating  base  (OB) 
sites  in  the  Nevada/Utah  M-X  project  area.  Five  sites  have  been  selected  for 
possible  OB  sites  in  seven  alternative  combinations  of  two  bases  each.  The  model  is 
used  to  evaluate  the  potential  indirect  effects  of  the  base  pairs  in  each  alternative. 

THE  MODEL 

Assumptions 

The  model  is  based  on  the  general  assumption  that  all  measurable  impacts 
would  be  normally  distributed  about  the  OB  centers.  That  is,  one  would  expect  a 
bell-shaped  distribution  of  impacts.  Second,  it  is  assumed  that  most  of  the  impact 
would  occur  within  100  air  miles  from  the  OB  site.  Third,  the  degree  of  impact  is 
proportional  to  the  population  of  the  OB  site.  And  finally,  certain  resources  attract 
more  people  than  others.  That  is,  people  are  willing  to  travel  farther  to  visit  some 
areas  than  others.  The  model  takes  these  assumptions  into  account. 

The  model  gives  an  index  of  effect  described  by  a  nonlinear  function  of 
distance  that  is  a  modified  form  of  the  Normal  0yT)  density  function.  This  model 
has  a  mean  of  zero  and  a  standard  deviation  of  35.  Thus,  approximately  68  percent 


of  the  population- related  indirect  impacts  would  occur  within  35  mi  lone  standard 
deviation),  95  percent  of  the  impacts  would  occur  within  70  mi,  and  99  percent  of 
the  impact  related  to  a  given  OB  site  within  105  mi. 


The  function  is  adjusted  to  OB  population  levels  by  the  simple  expedient  of 
multiplying  the  normalized  function  by  the  OB  population.  A  perhaps  more  realistic 
approach  would  have  been  to  quantify  the  population  density  thuinans  per  hectare!, 
and  model  that  population  density  directly.  However,  for  several  reasons,  this 
procedure  was  not  possible  and  would  have  required  many  more  assumptions  that 
could  not  be  validated.  The  function  developed  is  an  index  relating  the  distribution 
of  the  population  impacts  to  population  size,  but  cannot  be  construed  as  an  estimate 
of  the  population  density  at  any  point.  This  approach  gives  an  effect  index  that 
varies  by  many  orders  of  magnitude.  Close  to  the  population  center  of  say  20,000 
people,  the  index  will  approach  20,000,  and  will  approach  0  at  the  4th  standard 
deviation  from  the  population  center. 

It  is  also  necessary  to  account  for  the  attractiveness  of  resources.  This  is 
easily  done  by  multiplying  the  standard  deviation,  ° ,  by  a  factor,  called  the  appeal 
rating,  which  takes  values  of  1,  2,  or  3  and  is  based  on  travel  distance  to  the 
resource.  If  a  resource  has  an  appeal  such  that  a  person  would  travel  up  to  200  mi 
solely  to  visit  it,  it  would  be  given  an  appeal  rating  of  2.  If  a  person  would  travel 
300  mi  or  more  to  visit  that  resource,  then  the  appeal  rating  is  3.  Otherwise  the 
appeal  rating  is  1.  This  has  the  effect  of  doubling  or  tripling  the  spread  of  the 
function.  The  appeal  rating  is  relatively  easy  to  assess.  Lake  Mead,  for  example, 
has  an  obvious  appeal  rating  of  3  since  many  people  travel  up  to  300  mi  to  use  Lake 
Mead’s  recreational  resources.  Wheeler  Peak  has  been  assigned  an  appeal  rating  of 
2,  but  if  it  should  become  part  of  a  national  park  and  thus  receive  greater  publicity, 
the  rating  might  be  upgraded. 

The  Equations 

The  effect  index  for  a  single  population  center  j  on  resource  i  is  given  by 
equation  1  below: 


where 


*1 

X.. 

iJ 

u 


p. 

1 


Effect  index  of  OB  j  on  resource  i. 

Distance  from  OB  site  j  to  resource  i. 

Mean  of  distribution  (u=0). 

Primary  Primary  standard  deviation  of  the  function  Ut=35). 
Long  term  population  of  OB. 

Appeal  rating 


Equation  1,  evaluated  for  several  population  levels  and  120  mi  is  illustrated  in 
Figure  C-l.  Because  the  basing  alternatives  call  for  two  bases,  it  is  possible  that 
their  influence  will  overlap.  This  is  given  by  evaluating  equation  1  for  both  OB  sites 
and  summing  (Figure  C-2).  A  combined  effect  index  using  the  mean  distance 
(equation  2)  is  used  for  most  of  the  analyses  discussed  below: 


Etk  =  1  exp 

j-i 


P  . 
.1 


where 

Ejk  =  Combined  effect  index  of  Alternative  k  on  resource  i. 

x-  =  Mean  distance  of  resource  i  from  OB  siting. 

All  other  symbols  same  as  in  equation  (1). 

As  pointed  out  above,  this  index  is  an  ordinal  ranking  index  for  use  in 
estimating  the  relative  impacts  of  a  given  population  center  on  a  specific  resource. 
While  the  numbers  vary  by  many  orders  of  magnitude,  a  difference  of  five  orders  of 
magnitude  implies  that  the  site  with  the  higher  value  will  be  more  heavily  impacted 
but  does  not  imply  that  one  site  is  five  times  as  heavily  impacted  as  another.  In 
fact,  it  may  well  be  that  only  very  large  effect  indexes  are  significant  for  most 
resources.  Perhaps  the  best  way  to  view  the  effect  index  is  as  an  independent 
variable  in  regression  analysis.  This  is  discussed  below. 

VALIDATION 

The  model  was  tested  using  the  results  of  a  survey  of  fishing  preferences  by 
the  State  of  Nevada  (Anon.  1979).  These  data  provided  estimates  of  the  number  of 
anglers,  angler  days,  and  county  of  origin.  Appeal  ratings  were  assigned  to  69 
streams  and  60  lakes,  and  effect  indices  were  computed  for  each  fishing  site 
relative  to  home  county  using  equation  (1).  These  raw  data  are  given  in  Table  C-l. 

The  appeal  rating  of  the  specific  resource  was  initially  assigned  without 
reference  to  the  perceived  appeal  of  the  user.  Appeal  was  ranked  on  a  relative  use 
criteria,  using  al!  fishing  data  aggregated.  Resource  rank  was  assigned  as  follows: 
(1)  resources  with  users  from  only  one  county;  (2)  resource  sites  with  users  from 
more  than  one  county  and  with  no  county  contributing  more  than  1,000  anglers,  and 
(3)  resource  sites  with  one  or  more  counties  contributing  more  then  1,000  anglers  to 
the  angler  use  total.  Through  initial  analysis  it  was  found  that  the  assumption  of 
appeal -index  assignment  without  regard  to  the  availability  of  a  like-resource  near 
the  population  source  did  not  accurately  reflect  user  preference.  The  appeal  ratings 
were  then  modified  to  more  closely  reflect  county  by  county  use  data.  No  hard  and 
fast  criteria,  like  those  initially  used,  were  set.  Appeal  ratings  were  varied  by 
inspecting  raw  use  data  and  calculated  residual  values,  as  well  as  the  knowledge  of 
local  resource  availabilities.  Further  modification  of  appeal  indices,  based  on 
attempts  to  minimize  residual  values,  did  not  enhance  the  predictive  value  of  the 
model  or  statistical  significance  of  results. 


ROAD  MILES  FROM  OB 
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Figure  C-l 


Effect  index  plotted  against  distance  from 
hypothetical  population  centers.  The  curves 
from  top  to  bottom  reflect  populations  of 
20,000,  15,000,  10,000  and  5,000  people. 
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Figure  C-2. 


Effect  indexes  of  two  hypothetical  population 
centers  100  miles  apart,  Base  k:  20,000 
people;  Base  B:  15,000  people.  The  combined 
index  is  given  by  equation  2  in  text. 
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Table  C-l.  Data  used  for  validation  of  effects  index  model  (cage  1 
of  2)  . 
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Table  C-l.  Data  used  for  validation  of  effects  index  model  (pa^e  2 
of  2)  . 
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2  3 

Stepwise  regressions  were  run  on  the  data  using  models:  y-a+bE+cE  +dE  . 
The  regression  coefficients  and  some  statistics  are  given  in  Table  C-2.  The  effect 
index  alone  was  sufficient  to  account  for  up  to  65  percent  of  the  variance  about  the 
prediction  of  number  of  anglers  on  a  given  stream  or  lake.  A  distance  times  effect 
index  cross  product  was  included  to  predict  angler  days  from  effect  index.  The 
rationale  for  this  step  was  that  people  would  be  more  inclined  to  camp  at  more 
distant  sites,  giving  a  larger  ratio  of  angler  days  to  anglers. 

Equations  4-8  in  Table  C-2  were  obtained  by  adjusting  the  appeal  rating  for 
intervening  opportunities.  Fishermen  tend  not  to  bypass  nearby  high-appeal  streams 
for  one  more  distant.  The  representation  of  appeal  rating  as  A(jj)*  was  the  only 

change  made  in  equation  1.  It  would  be  possible  to  modify  equation  1  to  better 
predict  angler  days.  Also,  there  were  differences  between  the  use  of  lakes  and 
streams.  However,  the  results  presented  indicate  that  the  model  could  be  used  to 
generate  predictions  of  resource  use  and  environmental  impacts. 

ANALYSIS  OF  08  SITING  ALTERNATIVES 

Input  Data 

The  long-term  population  figures  for  operating  bases  used  in  the  analysis  were 
computed  using  the  October  15,  1980  estimates  used  throughout  the  DEIS  (ETR-2, 
ETA- 28).  These  estimates  have  increased  slightly  since  then,  but  the  difference  is 
not  great  enough  to  significantly  change  the  output  of  the  model.  Population 
estimates  were  provided  by  county  for  each  of  the  six  Nevada/Utah  alternatives  and 
the  Proposed  Action.  Two  options  were  provided  using  two  different  baseline 
populations.  One  used  extrapolated  concurrent  population  growth  with  Vl-X  as  well 
as  the  other  large  future  projects  expected  in  the  same  counties.  The  other  option 
used  normal  extrapolation  of  past  growth  and  project  increase  due  to  the  M-X 
project  only.  The  latter  option  was  used  because  the  population  estimates  were 
higher  and  provided  the  so-called  worst  case  analysis. 

For  each  project  alternative,  baseline  population  and  projected  increase  for 
the  counties  affected  by  the  first  and  second  OBs  from  the  start  of  project 
construction  in  1982  to  the  end  of  the  construction  and  into  a  stabilized  operations 
period  by  1994  are  given  in  Table  C-3.  The  1994  projected  population  increase  for 
the  directly  affected  OB  county  was  assumed  to  indicate  the  permanent  operation 
personnel  numbers  (i.e.,  long-term  population)  at  the  bases. 

Distances  were  measured  from  the  center  of  each  OB  site  to  the  nearest  and 
farthest  points  in  each  hydrologic  subunit.  Appeal  ratings  were  subjectively 
assigned  to  recreation  and  potential  wilderness  areas.  Consultations  with  state 
agencies,  BLM,  and  other  knowledgeable  personnel  were  used  in  estimating  appeal 
ratings.  The  appeal  ratings  ranged  from  1  to  3  as  discussed  above.  The  "attractants" 
were  first  sorted  out  by  hydrologic  subunits  using  existing  tables  and  distribution 
maps.  The  highest  rating  determined  for  any  "attractive"  area  in  a  given  watershed 
was  then  assigned  to  that  watershed.  This  was  done  for  all  watersheds. 


* 
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Table  C-2.  Regression  equations  and  some  statistics  pertaining  to  prediction 
of  anglers  and  angler  days  from  effect  index. 


Equation 

F  Ratio 

R2 

1. 

A  =  22.1  +  0.0067E 
s 

66.5  *** 

0.50 

2. 

A  =  42.2  +  0.045E  -  4.2  x  10"7E2 

21.5  ** 

0.43 

3. 

A,  =  105  +  0.023E 
ds 

30.6  ** 

0.31 

4. 

Adl  =  738.6  +  0.07  IE 

24.2  ** 

0.29 

5. 

A  =  29.6  +  0.0038E' 
s 

126.1  *** 

0.65 

6. 

,\{  =  71.3  +  0.05 1 E'  -3.6  x  10'7E’2 

46.05  *** 

0.62 

7. 

A  .  =  67.3  +  0.043E'  -  2.4  x  10-5  E'D 
ds 

16.13  * 

0.33 

8. 

A  .  =  -48.3  +  0.66E'  -  4.2  x  10_6E'2 
-0.0016E'D 

42.47  ** 

0.45 

T3962/10-2-81 

A 

s 

=  Number  of  anglers  fishing  a  given  stream. 

A1 

=  Number  of  anglers  fishing  a  given  lake. 

Ads 

=  Angler  days  on  streams. 

Adl 

=  Angler  days  on  lakes. 

E 

=  Effect  index  using  a  single  appeal  rating  for  each  stream/lake. 

E' 

=  Effect  index  using  adjusted  appeal  rating. 

D 

=  Air  distance  from  home  county  to  stream/lake. 

* 

=  Significant  at  P  =  0.01. 

*  * 

-  Significant  at  P  =  0.005. 

=  Significant  at  P  =  0.001. 


*  *  * 


Table  C-3.  OB  site  long-term  population. 


Alternative 

Base  A 

Population 

Base  B 

Population 

0 

Coyote 

15,967 

Milford 

13,071 

1 

Coyote 

15,967 

Beryl 

12,834 

2 

Coyote 

15,967 

Delta 

13,679 

3 

Beryl 

16,943 

Ely 

14, 347 

4 

Beryl 

16,943 

Coyote 

12, 195 

5 

Milford 

17,221 

Ely 

14,3^7 

6 

Milford 

17,221 

Coyote 

12,195 

T39S7/9-5-S1/F 


Results 


Tables  C-4  through  C-ll  show  for  each  alternative  (including  the  Proposed 
Action,  which  is  labeled  Alternative  0)  the  OB  pairs  and  their  populations,  the 
resource  locations,  appeal  indexes,  the  distances  from  the  resources  to  each  of  the 
basing  sites,  the  individual  effect  indexes  and  the  combined  effect  index.  In  Taole 
3,  for  example,  Snake  Valley  has  an  appeal  rating  of  3,  ranges  from  132  to  225  mi 
(and  a  mean  distance  of  178.5  mi)  from  Base  A;  Coyote  Spring  is  given  an  effect 
index  ranging  from  7,245  to  1,607.  Snake  Valley  is  much  closer  to  Base  B,  Milford, 
(43  to  112  mi)  giving  effect  indexes  ranging  from  greater  than  12,020  to  7,400.  The 
combined  effect  indexes  of  the  two  bases  range  from  19,300  to  9,000.  Table  C-ll  is 
produced  by  combining  the  last  column  (Average  Combined  Effects^  from  each  of 
the  preceding  seven  tables.  The  data  in  Table  C-ll  were  then  sorted  for  combined 
effects  indexes  greater  than  10,000  and  ranked  in  order  of  that  effect  index  (.Table 
1 1). 

Conclusions  and  Disclaimers 


This  analysis  considers  only  indirect  potential  impact  of  OB  sites  on 
resources--and  only  the  operational  stage.  Short-term  impacts  are  not  evaluated. 
Nor  are  already  existing  impacts  considered,  but  only  those  impacts  which  would  be 
added  to  the  region  as  a  result  of  the  base  construction  and  occupation.  This  may 
not  be  reasonable  in  the  case  of  Clark  County  where  the  additional  impact  of  20,u00 
people  may  be  negligible  for  many  resources.  In  this  case,  the  analysis  may 
overemphasize  the  impact  of  an  OB  site  in  or  near  an  already  populous  region. 

The  split  basing  alternative  (Alternative  8)  was  not  analyzed  because  in  an 
ordinal  ranking  system,  Alternative  8  would  be  the  alternative  with  least  impact, 
since  only  one  base  would  be  located  in  the  region  rather  than  two  bases. 


•  •  • 


•  •  •, 


•  •  • 


•  • 


•  • 
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Table  C-4. 
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APPENDIX  D 


HUMAN  IMPACT  AND  WILD  HORSE  BIOLOGY 


INTRODUCTION 

Land  management  agencies  have  paid  little  attention  to  the  ecological  role  of 
some  species  within  the  Great  Basin  Desert.  Although  many  recent  studies  have 
documented  that  species  incurring  reductions  in  habitat  availability  also  experience 
declining  population  levels,  the  single  or  combined  effects  of  habitat  alteration  on 
demography  remains  vague  or  unknown.  In  this  report,  various  aspects  of  the 
biology  of  wild  (feral)  horses  (Equus  ca  ball  us)  in  areas  of  potential  M-X  deployment 
are  projected  based  on  3  years  of  data  collected  on  insular  populations  within  the 
Great  Basin. 

ASSUMPTIONS,  BIOLOGICAL  BASELINE  CONDITIONS, 

AND  IMPACT  PROJECTIONS 

Prior  studies  of  animal  conservation  have  emphasized  cause  and  effect 
relationships  involved  with  the  responses  of  individuals  to  disturbances.  Multi¬ 
disciplinary  approaches  have  included  topics  as  diverse  as  competition  theory, 
bioenergetics,  distributional  patterns,  adaptive  trends,  human  aesthetics,  and  eco¬ 
nomic  rewards.  Except  for  those  latter  two  topics,  each  of  which  involve  political 
judgments,  the  prior  four  are  based  on  principles  of  natural  selection.  Therefore, 
they  are  predicated  on  Mendelian  genetics  and  patterns  of  differential  gene  survival 
over  several  (or  many)  generations.  A  biological  approach  based  on  genetic 
inheritance  to  study  environmental  impact  appears  sound  because:  1)  it  is  widely 
accepted  among  contemporary  scientists;  2)  it  explains  best  the  population  biology 
of  most  species;  and  3)  once  baseline  patterns  are  established,  it  can  be  used  for 
impact  prediction. 

In  biological  evolution,  as  in  the  economic  world,  perpetuating  entities  are 
considered  end  ("ultimate")  products  simply  because  they  are  or  recently  have  been 
successful.  The  proximate  mechanisms  leading  to  such  products  are  of  interest 
because  they  can  be  viewed  as  a  means  of  evaluating  and/or  predicting  the  success 
of  such  products. 

For  purposes  of  conservation  and  impact  prediction,  the  demographic  response 
of  a  species  can  be  viewed  as  an  end  product  and,  as  such,  it  is  the  most  important 
item  in  terms  of  biological  "currency."  Stated  simply,  reproduction  equals  success. 
Species  capable  of  sustained  or  increased  reproductive  output  are  winners  since 
their  populations  will  not  experience  local  extirpations. 

For  most  species,  logistic  difficulties  preclude  in-depth  studies  of  the 
effects  of  specific  intrusions  or  the  demographic  responses  of  a  species.  Conse¬ 
quently,  extrapolations  are  made  as  to  the:  1)  projected  long-term  effects  on  a 
population;  or  2)  the  responses  of  other  populations  based  on  the  study  animals.  In 
other  words,  extrapolations  are  common  among  scientists  given  that  other  factors 
are  equal.  In  this  report,  predictions  concerning  the  long-term  effects  of  M-X  OB 
sites  (specifically  those  at  Beryl/Milford)  on  horses  are  made  using  demographic, 
behavioral,  and  ecological  data  from  four  study  sites  within  the  Great  Basin  Desert. 
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METHODS 


Feral  horses  were  studied  in  a  number  of  areas  within,  contiguous  to,  and 
outside  the  M-X  deployment  area.  Sites  for  long-term  study  (i.e.,  areas  censused 
three  or  more  times  periodically  for  at  least  two  years)  included:  the  Granite  Range 
(Washoe  County),  Fox  Mountain  (Washoe  County),  Division  Peak  (Washoe  County), 
and  the  Lava  Beds/Seven  Troughs  Range  (Pershing  County).  Sites  studied  for  briefer 
periods  included:  Stone  Cabin  and  Ralston  Valleys  (Nye  County),  the  Needle  Range 
(Beaver  County),  and  Pine  Valley  (Beaver  County).  These  latter  two  sites  are 
located  in  Utah. 

A  20-60X  spotting  scope  was  used  for  field  observations  of  individual  animals 
and  groups  throughout  the  year  over  a  three  year  period.  Social  and  maintenance 
behaviors,  object  flight  distance,  gaits,  and  distance  traveled  were  observed  and 
recorded.  A  stop  watch  was  used  for  timing  animal  activities. 

RESULTS  AND  DISCUSSION 

Study  Areas 


To  determine  the  effects  of  varying  disturbances  upon  horses,  it  was  necessary 
first  to  establish  a  study  site  with  minimal  or  no  disturbances  so  that  subsequent 
perturbations  would  be  better  understood.  Thus,  the  three-year  intensive  study 
concentrated  on  horses  within  the  Granite  Range.  Once  baseline  data  on  natural 
grouping  patterns,  mating  systems,  foraging  mechanics,  and  reproductive  rates  were 
established,  it  was  then  possible  to  determine  the  influence  of  extrinsic  disturbances 
upon  behavioral  and  demographic  responses.  Briefer  surveys  of  other  horse 
populations  in  adjacent  or  potential  M-X  deployment  areas  varying  in  disturbance 
history  and  proximity  to  human  settlements  were  made  to  compare  various  aspects 
of  wild  horse  biology. 

A  brief  synopsis  and  categorization  of  each  horse  population  and  its 
disturbance  history  follows.  They  are  ranked  in  order  from  minimal  to  maximum 
disturbance  (i.e.,  Area  I,  II,  etc.).  In  certain  cases,  when  it  was  not  possible  to  rank 
areas  as  more  or  less  disturbed  than  others,  the  areas  were  ranked  equally. 

Area  I:  No  disturbances/Pristine  =  Granite  Range 

Area  II:  Road  Disturbances  =  Needle  Range,  Ralston  Valley,  Fox  Mountain 

Area  III:  Some  shooting  and  roundups  =  Division  Peak,  Lava  Beds 

Area  IV:  Major  disturbances  -  Stone  Cabin  Valley 

Area  I.  The  Granite  Range  was  the  only  site  within  this  rating.  From  June 
1979  until  luly  1981  only  three  vehicles  gained  access  to  the  study  site  and  this  was 
accomplished  only  after  dynamite  blasted  a  path  through  a  rock-strewn  road. 
Recreationists,  photographers,  hunters,  and  other  forms  of  human  disturbance  did 
not  exceed  two  parties  per  year.  Field  work  in  this  area  was  performed  exclusively 
by  backpacking. 

Area  II.  The  Needle  Range,  upper  hills  of  eastern  Ralston  Valley,  and  Fox 
Mountain  are  accessible  by  poor  quality  dirt  roads.  During  winters  they  may 
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average  one  vehicle  per  month  whereas  summer  traffic  averages  about  six  vehicles 
per  month.  Only  during  the  hunting  and  trapping  season  does  vehicular  use  exceed 
30  vehicles  per  week.  Roads  through  horse  habitat  in  the  Needle  Range  receive 
about  50  percent  of  the  above  figures  based  on  estimates  of  HDK  field  crews. 

Area  III.  The  Division  Peak,  Lava  Beds,  and  Seven  Troughs  Range  areas  have 
been  the  focal  points  of  roundups  by  local  government  agencies  in  recent  years. 
Reports  from  local  inhabitants  indicate  that  harassment,  in  the  form  of  "wrangling," 
shooting,  and  chasing  of  horses,  has  occurred  in  the  past  and  continues  at  present. 
Estimated  vehicular  usage  in  these  areas  is  indicated  in  Table  D-l. 

Area  IV.  Stone  Cabin  Valley  has  been  the  source  of  most  major  and 
documented  disturbances  of  horses.  BLM  personnel  indicate  roundups  of  horses  have 
occurred  for  the  past  30  years.  Additionally,  shooting,  hunting,  trapping,  and  ORV 
use  occur  within  habitats  utilized  by  horses  and  provide  further  disturbance. 
Vehicular  usage  within  this  area  could  not  be  estimated. 

Behavior:  Overt  Responses 

The  responses  of  horses  to  sonic  booms,  high  flying  and  low  flying  (less  than 
500  ft)  aircraft,  vehicles  on  roads,  and  humans  on  foot  were  noted  at  varying  study 
sites.  Many  vagaries  in  stimulus-response  occurred,  and  the  data  should  be  viewed 
tentatively.  For  example,  it  was  not  always  possible  to  fly  over  or  approach  ton  the 
ground)  animals  in  a  standardized  fashion.  However,  the  data  suggest  that  those 
populations  with  more  disturbance  in  a  historical  sense  tend  to  exert  more  energy  in 
avoiding  humans  than  do  those  for  which  harassment  is  less  common  (Figures  D-l 
through  D-3). 

Mating  Systems  and  Mate  Choice 

In  all  populations  studied,  horses  were  organized  into  distinct  social  groupings. 
Those  included  bands  of  one  or  more  stallions  and  their  respective  harems  tf  emales 
and  young).  Males  not  obtaining  harems  remained  solitary  or  they  joined  other 
males,  an  association  designated  as  a  bachelor  group.  Males  attempted  to 
appropriate  as  many  females  as  were  economically  defendable.  Evidence  suggests 
that  females  show  mating  preferences  for  individual  stallions.  It  is,  therefore, 
important  to  understand  how  human  intrusions  affect  natural  social  groupings  and, 
subsequently,  whether  reproductive  rates  are  influenced. 

In  the  Granite  Range  population,  natural  bands  were  occasionally  split  for 
short  periods  of  time  due  to  the  presence  of  human  observers.  Furthermore, 
members  of  groups  familiar  with  one  another  experience  less  aggression  and  forage 
more  efficiently  than  do  individuals  in  newly  formed  bands.  In  the  latter,  chances  of 
reproductive  failure  (pre-  and  postnatal  losses)  are  greater  for  the  following  reasons. 
Newly  formed  bands  (especially  those  led  by  young,  inexperienced,  yet  adult 
bachelors)  inhabit  peripheral  home  ranges  or  those  having  inferior  food  quality 
throughout  the  winter;  consequently,  the  chances  for  increased  prenatal  mortality 
are  greater  than  in  more  firmly  established  bands. 

In  the  Granites,  at  least  two  bands  newly  formed  in  1980  and  1981  inhaoited 
less  than  optimal  home  ranges.  The  most  dramatic  example  of  this  occurred  during 
the  winter  of  1980/1981  when  a  newly  formed  band  spent  the  entire  winter  in  wina- 


Table  D-l.  Estimated  vehicular  usage  within 
selected  horse  habitats  in  the 
Great  Basin  Desert  (vehicle/month). 


Season 

Spring/Summer 
Fall 
Winter 

T 6066/10-2-81 
*NA  =  not  available. 


I 

0.3 

0.3 
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Area 
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1  2 
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40+  + 
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1  II  III  IV 

1  II  III  IV 

1  II  III  IV 

1  II  III  IV 
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HIGH 

LOW 

VEHICLE 

HUMAN 

BOOM 

FLYING 

FLYING 

ON  FOOT 

AIRCRAFT 

AIRCRAFT 

4914  A 

-2.  Flight  response  of  wild  horses  to  disturbance  (no. 
of  times  flight  occurred  t  no.  of  times  foraging 
interrupted  x  100).  Level  of  disturbance  increased 
from  a  minimum  in  Area  I  to  a  maximum  in  Area  IV. 

( NO  =  not  observed,  NA  =  not  available,  and  numbers 
in  parentheses  are  sample  size.) 


MEAN  FLIGHT  DISTANCE  (m) 


4915-A 

Figure;  D-3.  Moan  flight  distance  for  wild 

horses  approached  to  within  70  m 
by  humans  on  foot.  Level  of  dis¬ 
turbance  increased  from  a  minimum 
in  Area  I  to  a  maximum  in  Area  IV 


exposed  areas  with  little  shelter,  all  above  7,000  ft,  while  the  remaining  bands  were 
in  more  protected  basins  at  5,000  ft.  Mortality  occurred  in  the  high  altitude  group. 
Thus,  some  data  are  suggestive  that  mortality  can  result  from  changes  in  band 
composition,  and  it  is  likely  that  normal  mating  and/or  grouping  patterns  can  be 
interrupted  with  deleterious  effects  if  entry  into  wild  horse  habitat  occurs  without 
caution. 

Foraging  Ecology 

Theory  and  previous  data  (Berger  et  al.,  in  press)  predict  that  animals 
maximize  their  energy  intake  by  foraging  with  few  interruptions.  Individuals 
feeding  most  efficiently  should  convert  the  energy  accrued  into  reproductive  effort 
(i.e.,  fetal  growth,  milk  production,  etc.)  rather  than  body  maintenance.  Previous 
studies  (Berger  et  al.,  in  press  and  literature  therein)  indicated  that  pronghorn  in 
disturbed  environments  interrupted  foraging  more  frequently,  for  greater  periods  of 
time,  and  overexploited  food  patches  more  often  than  did  undisturbed  populations, 
simply  because  the  former  were  more  vigilant  due  to  a  history  of  past  disturbance. 

For  horses,  there  are  no  a  priori  reasons  to  believe  that  the  time-energy 
budgets  of  foraging  animals  would  not  also  vary  in  accordance  with  disturbance 
history.  However,  contrary  to  the  above  hypothesis,  our  data  reflect  no  clear 
differences  in  the  time-energy  budgets  of  foraging  horses  (Table  D-2).  In  other 
words,  horses  in  Stone  Cabin  Valley  (the  most  disturbed  environment)  did  not  appear 
to  interrupt  foraging  for  surveillance  activities  any  more  than  did  horses  in  other 
areas.  It  seems  likely  that  feral  horses  are  not  as  vigilant  as  native  North  American 
ungulates- -possibly  because  natural  predators  are  few.  They  thereby  do  not  fit  the 
prediction  that  increased  vigilance  responses  occur  in  accordance  with  disturbance 
history.  It  is  plausible  that  the  fact  that  horses  have  been  domesticated  for 
thousands  of  years  accounts  for  their  low  vigilance  rates,  even  in  areas  of 
disturbance. 

Demography,  Natural  Patterns 

Data  are  not  yet  available  to  understand  the  extent  to  which  food  resource 
quality,  abundance,  and  distribution  affect  reproduction  in  horses.  Without  such 
information  it  is  not  possible  to  determine  or  separate  the  confounding  variables 
influencing  feral  horse  demography.  For  example,  if  two  populations,  "A"  and  "B", 
have  identical  recruitment  rates  (i.e.,  50  percent  of  the  adult  females  produce  foals 
annually  and  the  survival  rate  is  90  percent),  it  still  would  not  be  possible  to  know 
whether  "A"  did  so  because  food  was  abundant  while  "B"  did  so  because  females 
incurred  energy  debits  in  relation  to  factors  associated  with  disturbance.  Many 
other  vagaries  could  be  superimposed  on  this  simple  example  as  well.  The  only  valid 
conclusion  that  could  be  reached  based  on  existing  evidence  is  that  recruitment 
rates  are  similar.  The  underlying  causes,  whether  reflecting  true  biological  trends 
or  reflecting  human  disturbance,  could  not  be  known.  Given  the  above  problem  in 
interpreting  the  mechanisms  responsible  for  demographic  rates,  the  following 
statements  should  be  accepted  as  tentative  only. 

The  Granite  Range  has  the  greatest  animal  productivity  (Table  D-3)  and  has 
averaged  about  0.9  foals  per  mare  annually,  while  the  two  more  disturbed  sites  have 
experienced  recruitment  rates  of  about  0.3  foals  per  mare  per  year.  However,  the 
conclusion  that  disturbance  has  reduced  annual  productivity  due  to  increased  energy 
expenditure  by  females  seems  unwarranted  for  at  least  three  major  reasons. 
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Table  D-2.  Average  number  of  minutes  per  10  minute  foraging 
bout  spent  in  surveillance  by  gravid  mares. 


Study  Site 


Granite  Range 

Stone  Cabin  Valley 

Sample  Size 

Surveillance 
Time 1 

Sample  Size 

Surveillance 

Time1 

66 

0.18 

8 

0.25 

T6067/ 10-2-81 

Differences  in  surveillance  time  were  not  significant  at  the 
95  percent  confidence  level  (p  greater  than  0.05)  using  the 
t-test. 
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First,  the  Granite  Range  has  more  altitudinal  relief  and  topographical  diver¬ 
sity  than  the  habitats  of  other  populations  studied.  Since  the  Granites  exceed  9,000 
ft,  horses  have  opportunities  to  migrate  altitudinally,  explo:t  heterogeneous  environ¬ 
ments,  and  avoid  biting  insects. 

Second,  the  Granite  Range  horses  have  greater  opportunities  to  exploit  richer 
food  bases  than  other  populations  because  the  former  feed  on  high  altitude  bunch 
grasses.  In  contrast,  Stone  Cabin  Valley  horses  probably  have  a  much  more  limited 
food  supply  since  few  opportunities  for  altitudinal  migration  exist.  Furthermore,  in 
late  fall,  the  available  grasses  in  Stone  Cabin  Valley  become  leached  and  increase  in 
lignification,  resulting  in  less  digestible  energy  for  horses.  Stone  Cabin  Valley 
horses  are  unable  to  follow  plant  phenological  sequences  like  Granite  Range  horses 
can. 

Third,  competition  with  domestic  livestock  does  not  occur  in  the  Granites 
whereas  all  other  study  sites  have  at  least  periodic  seasonal  competitors.  In 
summary,  it  appears  that  food  competition  rather  than  disturbance  histories  may  be 
the  most  significant  factor  contributing  to  differences  in  demography  between  horse 
populations.  Corroborative  data  supporting  this  trend  were  presented  in  Table  D-2 
where  differences  in  surveillance  rates  were  not  detected. 

Domestication 

Hafez  (1968)  described  general  adaptive  trends  in  domesticated  mammals.  In 
essence,  the  processes  of  natural  selection  have  been  altered  by  man  to  provide  for 
durable  animals  capable  of  subsistence  (at  some  times)  under  arduous  and  primitive 
conditions.  Since  horses  are  large-bodied  generalist  herbivores,  they  tend  to  be 
more  resilient  than  native  large  mammals,  and  they  persist  under  a  wide  range  of 
environmental  conditions  extending  from  the  Yukon  Territories  to  Mexico.  Although 
horses  evolved  as  grazers  they  subsist  on  a  varied  diet  (e.g.,  browse  in  the  Grand 
Canyon).  Horses  do  not  appear  as  susceptible  to  disturbances  as  native  species  and 
become  habituated  much  more  easily.  It  seems  likely  that  horses  will  not  be 
impacted  by  construction  and  other  M-X  related  activities  to  the  same  level  as 
native  wildlife  provided  that  laws  pertaining  to  protection  from  shooting,  chasing, 
and  other  harassment  are  strictly  enforced. 
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